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510th International Conference
PLANT FUNCTIONING UNDER ENVIRONMENTAL STRESS
September 16-19, 2015, Cracow, Poland
From the Organizing Committee
Since 1995 the Institute of Plant Physiology, Polish Academy of Sciences, has been organizing inter-
national conferences entitles Plant Functioning under Environmental Stress in cooperation with the 
University of Alberta in Edmonton, Slovak University of Agriculture in Nitra, Plant Protection Institute 
HAS in Budapest, Warsaw University of Life Sciences, Pedagogical University of Cracow, and Agri-
cultural University of Cracow. This year’s conference is the tenth in the series, i.e. a jubilee conference, 
and on this occasion we would like to avail ourselves of the opportunity to look back on the past two 
decades of our meetings. The total number of people who participated in the conferences has amounted 
to 1800, encompassing scientists and students from the majority of Polish universities, Institutes of Po-
lish Academy of Sciences, and National Research Institutes. Around 35% comprised of scientists from 
other countries – mostly from the EU and other European countries such as Switzerland, Turkey, Russia, 
Belarus, and Ukraine. Among the participants were also scientists from Canada, USA, Brazil, Uruguay, 
Egypt, Australia, Japan, India, Pakistan, China, Iran, and Taiwan.The conferences have become a per-
manent ¿ xture in plant stress physiology meeting calendar, the credit for which is due not only to the 
organisers but also to the many people who gave us support as well as valuable advice and suggestions 
throughout these years.
We would like to avail ourselves of this opportunity to express our heartfelt gratitude to Professor Alina 
Kacperska from the University of Warsaw, to whom – on the occasion of her 80th birthday – we dedicate 
this year’s conference. Professor Kacperska participated in all our previous conferences, giving plenary 
lectures and actively participating in discussions. The organisers bene¿ ted immensely from Professor 
Kacperska’s advice and suggestions arising from her experience as well as scienti¿ c and organisational 
activity in Poland and other countries. Many currently active scientists, including a number of the par-
ticipants of our conferences, have bene¿ ted from Professor Kacperska’s scienti¿ c output and warmly 
remember her kindness and support. We wish Professor Kacperska good health and all the best on her 
birthday and we hope to continue our cooperation.
We would also like to express our sincere gratitude and extend greetings to Professor Michael B. Jack-
son from the University of Bristol and Professor Karl DörfÀ ing from the Institute of General Botany in 
Hamburg, who could not come to Cracow this year for personal reasons. We would like to thank Pro-
fessors Zo¿ a Starck, Marian Saniewski, Janusz Związek, and Edward GwóĨdĨ for their participation in 
the conference – they also actively participated in our past meetings, chaired sessions and gave plenary 
lectures. We also welcome Professor Helena GawroĔska, who has used her international contacts to en-
rich the conference programme with lectures by distinguished scientists from other countries.
We would also like to express our profound gratitude to His Magni¿ cence, Rector Michaá ĝliwa and the 
authorities of the Pedagogical University of Cracow for their support in organising the conference and 
for making the university’s rooms available for the sessions.
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6On the occasion of the jubilee we would like to remember those participants of our conferences who 
are no longer among us, i.e. Professors; Mirosáaw Zima, Emil Nalborczyk, Adam Markowski, Tadeusz 
BaszyĔski, Agnieszka de Barbaro,   Bronisáaw Gej, Wáodzimierz Starzecki, and Marian Czarnowski. We 
are grateful to them for their participation in our conferences as well as for their scienti¿ c and organi-
sational support.
On behalf of the conference organisers, we would like to warmly welcome all our guests and wish them 
productive sessions and a pleasant stay in Cracow.




PLANT FUNCTIONING UNDER ENVIRONMENTAL STRESS
September 16-19, 2015, Cracow, Poland
Preface
Maciej T. Grzesiak 
The F. Górski Institute of plant Physiology, PAS, Niezapominajek 21,  PL 30-239 Cracow
Investigations in the plants stress biology are the multidisciplinary ones, covering aspects of plant phy-
siology, ecology, biochemistry, biophysics, genetics and breeding. They provide information on phy-
siological processes that are disturbed as a result of the inÀ uence of the imposed stresses factor. Higher 
plants, as sessile organisms, during evolution developed defence mechanisms in order to cope with and 
function under environmental stresses. Physiological basis for plant reaction to environmental stress 
factors, are despite of this, still the object of researchers interest. Nevertheless, we are far from fully 
understanding the mechanisms of plant defence against stresses as yet. The modern methodological ap-
proach and the applied techniques allow research at various levels of biological organization beginning 
with ¿ eld, through single plants, organs, cells and organelles down to the molecular level. The progress 
in analytical methods allows the investigation of the successive stages of signal transductions or the 
role of secondary metabolites taking part both in plant defence reactions against stresses and of those 
responsible for generating stress at the cellular level. The results of these complementary investigations, 
important from the academic point of view, also provide much valuable applicable information, which 
may be used in agricultural and environmental biotechnology including genetic engineering, selection, 
and breeding as well as in agronomy. 
On global scale, 90% of all agriculturally used land are inÀ uenced by abiotic or biotic stress and also 
within the areas that are said to be stress-free, are observed short and of various intensity deviations 
from the optimum. However, we are still far away from the full and comprehensive knowledge of me-
chanisms underlying plant acclimatization and adaptation to stress factors. This is due to the complexity 
of both the reception and transduction of signals, and reactions of plant on various levels of biological 
organisation, magni¿ ed by a multi-gene control of plant responses to stressors, together with the fact, 
that in many cases there are two or more stress factors appearing together or sequentially. The greater 
challenge, however, seems to be the proper utilization of the gained knowledge in practice. Further sub-
stantial progress in yielding, both quantitatively and qualitatively, obtained through selection, classical 
breeding, transgenesis in case of genetically modi¿ ed organisms or through specially designed agro
-technologies, may be effective only if the scienti¿ c achievements of physiological, biochemical and 
molecular bases of plant reactions and tolerance to environmental stress factors are utilized. 
Plants, similar to all other living organisms, exist under the inÀ uence of the surrounding environment, 
which in many cases provides conditions far or extremely far from optimal for their growth, develop-
ment and yielding. Higher plants, as sessile, cannot change their place of existence. Therefore, through 
evolution, they have developed combinations of molecular, biochemical, physiological, anatomical, 
morphological, and behavioural features and processes enabling them to adapt to and survive in unfavo-
urable environmental conditions. The processes of acclimatization and adaptation to the changing over 
time, types and intensity of stressful factors are affected accordingly to the emergence of new threats. 
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The problems of famine in many countries, the losses in food production resulting from drought, À o-
ods, too low or too high air temperatures, environmental pollution connected with the industrialization, 
urbanization, chemicalization of agriculture and plant diseases, have become problems of world-wide 
importance, and they will recur on a global scale because the climate is more and more changeable. 
The tendency of the climate to warm-up, which has been con¿ rmed by meteorologists, as a result of the 
“greenhouse effect” does not necessarily imply that there will be no more severe winters.
In the popularization of knowledge on plant stress physiology, the important role play scienti¿ c confe-
rences aiming at presenting the current state of the research, exchange of opinions and provide the pos-
sibly to initiate new scienti¿ c projects. International Conferences „Plant Functioning Under Environ-
mental Stress” are organized by the Franciszek Górski Institute of Plant Physiology, Polish Academy of 
Sciences in Cracow under suspicion of Polish Botanical Society and Committee of Physiology, Genetic 
and Breeding of Plant, Polish Academy of Sciences, under patronage of professor Lena Kolarska-Bo-
biĔska, Ministry of Sciences and Higher Education and in co-operation with University of Alberta in 
Edmonton, Slovak Agricultural University in Nitra, Plant Protection Institute, Hungarian Academy of 
Sciences, Warsaw University of Life Sciences - SGGW in Warsaw, Pedagogical University in Cracow 
and Agricultural University in Cracow. The conference had about 150 participants including about 35 
from abroad. Eight plenary lectures were delivered, 18 oral and 100 poster presentation were given.
Organizers wish to express their gratitude to professors Helena GawroĔska (Warsaw University of Life 
Sciences), ElĪbieta KuĨniak (University of àódĨ), Balazs Barna (Hungarian Academy of Sciences), 
Janusz J. Zwiazek (University of Alberta, Edmonton), Slawo M.  Lomnicki (Louisiana State University, 
Baton Rouge, USA), Steve Quarrie (Belgrade University), Michel H. Kowalewicz (History of Ideas 
Research Centre, Jagiellonian University) for their interesting plenary lectures. We are also truly grate-
ful for all chairpersons professors: Hanna Bandurska, Marian Saniewski, Edward GwoĨdĨ, Franciszek 
Dubert,  Marcin Rapacz  and to invited conference guests: Zo¿ a Starck, Jan Krupa, Wáadysáaw Filek, 
Paweá SowiĔski, Grzegorz Marszaákowski. 
We also would like to express our profound gratitude to His Magni¿ cence, Rector Michaá ĝliwa and 
the authorities of the Pedagogical University of Cracow for their support in organising the conference.
Organizers would like to thank for the ¿ nancial support and for providing some souvenirs to the Pol-
ish Botanical Society, Committee of Physiology, Genetics and Breeding Polish Academy of Sciences, 
Kraków Municipality, Polish Academy of Arts and Sciences, Ministry of Science and Higher Education, 
Ministry of Agriculture and Rural Development, Ministry of the Environment, Ministry of Culture and 
National Heritage, National Museum in Kraków and  publishers: Springer „Biaáy Kruk”, Social Publish-
ing Institute “ZNAK”, Scienti¿ c Papers Authors and Publishers Society UNIVERSITAS  and sponsors: 
the Enbio Technology Ltd, GEOMOR-TECHNIK Ltd. and PP Systems.
On behalf of the conference organisers, we would like to warmly welcome all our guests and wish them 
productive sessions and a pleasant stay in Cracow.
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Alina Kacperska – nestor of research on plant adaptation 
to abiotic stress conditions
Zo¿ a Starck
Warsaw University of Life Sciences, Nowoursynowska 159
Alina Kacperska-Lewak, formerly Kacperska-Palacz, was born in Warsaw in 1934. She graduated from 
the Faculty of Biology and Earth Sciences, later Faculty of Biology, University of Warsaw; she earned 
the Master of Science degree in 1956, and went on to obtain the PhD degree at the Faculty of Biology in 
1961. She became a habilitated doctor in plant physiology in 1971, then an associate professor in 1983, 
and a full professor in 1989, all the while working at the University of Warsaw. Only in the years 1956-
1964 did she work at the Institute of Melioration and Grassland Improvement.
Prof. Alina Kacperska-Lewak ful¿ lled a number of manager functions  at the University of Warsaw. 
Between 1983 and 2003 – almost until her retirement – Prof. Kacperska was the leader of the Depart-
ment of Plant Resistance, which changed its name several times during that period. She retired in 2004 
but did not cease active scienti¿ c work. Throughout her research and didactic work, she held a number 
of administrative positions at the Faculty of Biology, University of Warsaw, and at other institutions. 
Between 1981 and 1984 she was the deputy-dean, and between 1971 and 1993 – a member of the Sci-
enti¿ c Council at the Institute of Botany, Faculty of Biology. During 1991-1994 she held a remarkably 
responsible position as a member of the commission assessing scienti¿ c research projects at the State 
Committee for Scienti¿ c Research (KBN), and from 2012  till now – as an Expert at the National Sci-
ence Centre (NCN).
Equally signi¿ cant tasks were entrusted to Prof. Kacperska in scienti¿ c societies. In the years 1981-
1992 she held the position of vice-chairman and then chairman of the Section of Plant Physiology and 
Biochemistry in the Polish Botanical Society (PTB). Her innovative undertakings, which invigorated the 
activity of the Section, included the organization of seminars each  month during the period of Martial 
Law in Poland. At that time, the access to information on current research developments and achieve-
ments was very limited. The seminars devoted to the question What’s new in plant physiology? enjoyed 
a great popularity, assembling numerous participants from all over Poland. In recognition of her vital 
contribution to the Polish Botanical Society, Prof. Kacperska was given honorary membership of the 
Society in 2004.
Prof. Kacperska is also a member of Warsaw Scienti¿ c Society and an honorary member of the Polish 
Society of Experimental Plant Biology (PTBER), as well as a member of the Federation of European 
Societies of Plant Biology (FESPB), formerly the Federation of European Societies of Plant Physiology 
(FESPP). As a General Secretary she participated in organising the 3rd FESPP Congress to be held in 
Warsaw in 1981. The Congress was called off because of the Martial Law in Poland. The detailed pro-
gramme and invitations for scientists to give plenary lectures were already prepared.
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Until 1996 Prof. Kacperska was also a board member of the International Association for Plant Physio-
logy (IAPP). Moreover, she was a member of several committees at the Polish Academy of Sciences 
and of editorial boards in such journals as Physiologia Plantarum, Acta Physiologiae Plantarum, Acta 
Societatis Botanicorum Poloniae and Botanical News. She also served as a referee for numerous scien-
ti¿ c papers submitted for publication. Many authors of these papers know her as a very critical reviewer, 
who pointed out not only ambiguities or mistakes in the text, but also made suggestions for their correc-
tion and introduced very useful suggestions and new lines of thought into the discussion. I personally 
experienced such a kind and constructive review as author of the monograph Physiological responses 
of plants to unfavourable environmental conditions (Z. Starck et al., 1995), for which I am thankful till 
now.  Her conscientiously crafted reviews have also been highly appreciated by various international 
journals.
Because of her great scienti¿ c personality, Prof. Kacperska was invited as a visiting professor and lec-
turer to countries ranging from France to China. She has also been frequently invited as a lecturer or 
Scienti¿ c Session Organizer to different Congresses and Conferences in European and other countries, 
such as USA or India. Her scienti¿ c output encompasses over 100 publications, written almost exclusi-
vely in English for journals listed in Thomson Reuters Master Journal List, with the number of citations 
amounting to 730 according to Research Gate. Moreover, Prof. Kacperska is the author of chapters in 
several acclaimed academic textbooks on plant physiology.
Prof. Kacperska has been the supervisor of nine PhD theses as well as the reviewer in seventeen ha-
bilitation procedures and in eleven professorship ones. In recognition of her invaluable scienti¿ c and 
organization work, Prof. Kacperska has been honoured with the Polonia Restituta Knight’s and Of¿ cer’s 
Crosses, as well as numerous awards granted by the Ministry of Education and university chancellors.
The most notable scienti¿ c achievements of Prof. Kacperska with her team can be summarized as fol-
lows. From the beginning of her scienti¿ c  work, Prof. Kacperska’s interests focused on the problems 
of plant adaptation to variable environmental conditions, especially to abiotic stresses, affecting plant 
growth and development. Her investigations particularly concerned effects of unfavourable temperature 
(chilling and frost) and water conditions (drought and À ooding). The stress-induced plant metabolic re-
sponses were of special interest to her. She has also taken into consideration the roles of phytohormones 
(abscisic acid and ethylene) in plant stress responses. In later years she proposed the stress intensity-de-
pendent mechanisms involved in environmental signals perception.
It should be mentioned that in the research conducted already in 1970s, Prof. Kacperska with her team 
connected the problem of plant resistance to chilling and frost with the role of proteins, which was far 
from the common knowledge at that time. Important changes in the electrophoretic pattern of proteins 
from the cold-treated plants were observed. Later on, she showed that plant adjustment to variable 
temperature conditions, in particular to a drop in temperature, modi¿ es energy metabolism in leaves. 
Modi¿ cation in ATP level and an  increase in the so-called reduction power of a tissue (an increase in 
the reduced pyridine nucleotide levels) were observed. The later observation corresponds well with the 
current research data showing an important role of the stress-induced changes in the redox potential 
of cells. Such a change may activate the alternative metabolic pathways, which was actually observed 
in the studies on carbon photosynthetic metabolism where a switch from the C3 to the C4 path  was 
observed (studies in cooperation with prof. St. Maleszewski) and in the studies on  the alternative re-
spiratory pathway (conducted jointly with Prof. Anna Rychter).  Prof. Kacperska also proposed that the 
stress-induced changes in tissue hydration may constitute signals triggering processes resulting in plant 
acclimation or in plant death. That issue was not fully understood at that time. The identi¿ cation of the 
role of the cell wall in plant acclimation to low temperature is another achievement of Prof. Kacperska 
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and her team: cold-induced changes in chemical and physical cell wall characteristics and structure seem 
to be important factors in plant acclimation to stress conditions. It is worth mentioning that for many 
years the cell wall had been treated as the “dead part of the cell”. Prof. Kacperska and her team also indi-
cated an important role of anthocyanins and phenylpropanoids in plant acclimation to low temperature. 
In conclusion to this brief overview of Prof. Kacperska’s scienti¿ c and organization achievements, gre-
atest appreciation must be expressed for her rich and invaluable scienti¿ c achievements as a plant phy-
siologist involved in research and didactic work for over 50 years. She is one of the ¿ rst Polish scientists 
who started investigations on plant stress responses as early as the 70s of the 20th century.
Particular mention must be made of her cooperation, resulting in joint publications, with numerous 
scientists from various universities and institutes both from Poland and from other countries. Despite 
such an extensive and oftentimes burdensome duties, Prof. Kacperska always ¿ nds the time to help or 
to give advice in solving scienti¿ c problems and for consultations with students and co-workers about 
new and important problems in plant biology.





The differential effects of powdery mildew and virus infection 
on hormone de¿ cient or overproducing tobaccos
B. Barna, C. Juhász, A. Németh and G. Gullner 
Plant Protection Institute, Centre for Agricultural Research, Hungarian Academy of Sciences, Herman O. 15. 
Budapest, 1022 Hungary
corresponding author: barna.balazs@agrar.mta.hu
Introduction: Our aim was to investigate the interactions of the biotrophic powdery mildew (Golo-
vinomyces orontii) and Tobacco mosaic virus (TMV) with the salicylic acid-de¿ cient tobacco mutant 
(NahG) and with a cytokinin overproducing in vitro selected paraquat-tolerant (PT) tobacco in addition 
to their respective control lines. Earlier we found that PT tobacco with elevated antioxidant capacity 
showed enhanced tolerance to the necrotrophic pathogens. On the contrary, the NahG tobacco plants 
with down-regulated antioxidants are more susceptible to many pathogens.
Methods: NahG, Xanthi, PT and paraquat sensitive (PS) Samsun tobacco lines were inoculated with 
powdery mildew and in separate experiments with TMV. Ion leakage from inoculated and control leaves 
was monitored by conductivity measurements. Ribonuclease (RNase) patterns of extracts from control 
and powdery mildew infected tobacco leaves were analyzed with PAGE and speci¿ c staining. Total 
RNA was extracted from inoculated and control leaves after different time periods. The expression of 
pathogenesis-related (PR) and WRKY genes was analyzed by RT-PCR. 
Results: All investigated lines were susceptible to our powdery mildew isolate. The infection with 
the biotrophic pathogen slightly decreased the leakage of ions from leaf tissues in the case of each 
tobacco lines. Powdery mildew infection induced a strong increase in RNase activity and new RNase 
bands appeared in extracts from all infected lines following PAGE and speci¿ c staining as compared to 
the noninfected controls. Pre-treatment with the protein kinase inhibitor staurosporine and the protein 
phosphatase inhibitor okadaic acid inhibited both mildew development on all lines as well as the TMV 
induced ethylene formation in Xanthi tobacco. It is noteworthy that the expressions of PR-1b, PR-1c, 
WRKY1 and WRKY12 genes were up-regulated to various extents not only in the hypersensitive (TMV/
Xanthi, NahG) and in the biotrophic (powdery mildew/all tobaccos) but also in systemic (TMV/PS and 
PT) interactions.
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Plant functioning under air pollution and perspective of their use 
for air phytoremediation in urban areas
Helena GawroĔska and Stanisáaw GawroĔski
Warsaw University of Life Sciences, Faculty of Horticulture, Biotechnology and Landscape Architecture, Labo-
ratory of Basic Research in Horticulture, Nowoursynowska 159, 02 - 776 Warsaw, Poland
Air pollution remains a major issue in many countries of the world and poses a serious threat for human 
health (life span and wellbeing) and for the environment. Cracow  takes premier disgraceful in this re-
gard positions in the ranking of European cities .  The most relevant air pollutants in urban environment 
are particulate matter (PM), volatile organic compounds, ozone, nitrogen oxides and, in some cities, 
sulphur dioxide. According to WHO1 almost 4 million people die yearly from PM, level of which on ave-
rage for world is 71 g/m3.  Apart from applying technical measures to decrease emission of pollutants, 
cities should attempt to generate a more profound and integrated relationship with nature, both inside 
the cities and also beyond their boundaries.  Although plants, as sessile organisms, developed unique 
defense mechanisms allowing them to survive in very polluted sites and tolerate high accumulation of 
toxic compounds in their tissues. These allow plants, together with associating microbiomes to function 
in polluted environment. In this work we attempt at  (i) evaluation of accumulation of PM and waxes 
on foliage and (ii) ef¿ ciency of photosynthetic apparatus of seven woody species cultivated in Europe. 
Plants were grown at three sites differing in PM level in air and experiments were run dung three vege-
tation seasons. Obtained results showed, that plants of  all examined species accumulated PM of both 
categories and all determined size fractions meaning that they all contribute to air phytoremediation. 
Amount of PM and waxes on foliage were greater in plants grown in the high polluted site than in me-
dium and low polluted ones. Out  of all the tested species the highest amount of PM accumulated Betula 
pendula L., which also deposited highest amount of wax on foliage. Plants grown at high polluted site 
had also lowered ef¿ ciency of photosynthetic apparatus, usually manifested by lower: (i) intensity of 
photosynthesis, which coincides with an increased stomatal resistance, (ii) higher chlorophyll content 
and (iii) lowered values of chlorophyll a À uorescence parameters. Results of this work showed that 
Physocarpus opulifolius L. was the best acclimated to conditions of urban areas.
There are signi¿ cant differences between species in tolerance of air pollution and it raise hope for 
using plants for  bio¿ ltering of ambient air by absorbing gaseous pollutants and adsorbing PM onto leaf 
surfaces. What is worth note plants are able to clean up air from many pollutants simultaneously. The 
impact of urban green infrastructure on ambient air pollution is quite well recognized and the challenge 
now is its intensifying as a major task of phytoremediation Urban green infrastructures services in ad-
dition to well-known functions provide additional bene¿ ts to human and environment health and city 
microclimate. Therefore, in urban areas greenery can be considered as a “green liver” of the cities, and 
an important element of the architectural vision of the Smart Cities.
References:
1Word Health Organization, Public Health and Environment http://www.who.int/phe/health_topics/outdoorair/da-
tabases/en/
Acknowledgements: Studies were funded under grant „Phytoremediation as a tool for of human he-
alth risk reduction” from Polish-Norwegian Research Funds. #PNRF-193-AI-1/07 awarded to. S.W. 
GawroĔski airphytorem.sggw.pl 
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The interactions between abiotic and biotic stress responses: from cells 
to a whole plant
E. KuĨniak, J. Chojak, T. Kopczewski
Department of Plant Physiology and Biochemistry, Faculty of Biology and Environmental Protection, University 
of àódĨ, 90-237 àódĨ, Banacha 12/16, Poland
corresponding author: elkuz@biol.uni.lodz.pl
As sessile organisms, plants are constantly exposed to abiotic and biotic stress factors acting simulta-
neously or in combination. Plant responses to different stresses involve integrated changes at the mole-
cular, cellular and physiological levels mediated by a complex network of signalling pathways. Recent 
evidence has shown that the response of plants to a combination of stresses is distinct from that of 
plants independently exposed to each of these stresses (Atkinson and Urwin, 2012, Suzuki et al., 2014, 
Ramegowda and Senthil-Kumar, 2015). As different stresses might require antagonistic or conÀ icting 
responses, an intense crosstalk between the regulatory networks is necessary to co-ordinate the complex 
interactions under combination stress. However, our current understanding of components that govern 
multiple stress signalling pathways is very limited. Although the ¿ nal defense or acclimation response 
is expected to be speci¿ c to the stress combination, the stress signaling could proceed through some 
known pathways. This presentation aims to characterize the potent integrative signals and convergence 
points in the cross-talk between plant responses to abiotic and biotic stresses, with special emphasis on 
reactive oxygen species and hormone signaling pathways. Both negative and positive interactions of 
multiple stresses and their inÀ uence on plants in the ¿ eld will be addressed. Our recent results indicate 
that salinity promotes Pseudomonas syringae pv lachrymans infection development in cucumber and 
suggest a role for hydrogen peroxide and salicylic acid in this response. Our understanding of the inte-
ractive effects of biotic and abiotic stresses is fundamental to achieve enhanced tolerance to combination 
stress in agronomically important crops.
References: 
Atkinson NJ, Urwin PE. (2012). J Exp Bot 63: 3523–3543. 
Ramegowda V, Senthil-Kumar M. (2015) J Plant Physiol. 176C:47-54. 
Suzuki N, Rivero RM, Shulaev V, Blumwald E, Mittler R. (2014) New Phytol. 203:32-43.
Acknowledgements: Supported by grants from the National Science Centre (N N310 302339, 
2012/07/N/NZ9/00041)
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Daniel Gottlieb Messerschmidt (1685-1735) in “wonderland” 
and his discovery of ÀRUDLQFRJQLWD in Siberia
Michel Henri Kowalewicz
History of Ideas Research Centre, Jagiellonian University in Krakow
According to an old German proverb, there should be three of all good things. The exploration of Europe 
by Peter the Great also took place in three stages: ¿ rst he visited the European North in 1697, then Ger-
many in 1716, and ¿ nally France in 1717. These travels were guided by a well though out program and 
nothing was left to chance. Peter the Great understood like no other emperor before that Ipse Scientia 
potestats est! (Knowledge is power!) The notion of knowledge was given a considered place in his 
vision of a constantly expanding Empire, and was closely linked to military and diplomatic strategies. 
In selecting a young botanist and physiologist from Danzig as the polyhistoric harbinger of the future 
development of the Academy of Sciences in Petersburg was to help emphasize the power of the Tsar 
for eternity. The botanical riches of Siberia were to be discovered by Daniel Gottlieb Messerschmidt 
thanks to an especially adapted pattern of polyhistoric Collectanea: observatio, annotatio, and relatio 
elaborata. The three key elements of his collection methodology allowed him not only to discover the 
curiosities of Siberia, but also to empirically organize the knowledge in a manner that had already beco-
me custom, as in the case of Zedler’s or of d’Alembert’s encyclopedia. Messerschmidt’s writings were 
not loose travelogues from Wonderland, but reliable reports, where the unknown genera were described 
in detail and named. The effectiveness of Messerschmidt as harkens back to the maxim of Julius Cae-
sar: Veni, vidi, vici.
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Ambient Air Particulate Matter – A New Paradigm of Toxicity
Slawomir (Slawo) M.  Lomnicki
Materials Core Director, LSU Superfund Research Center, Louisiana State University, 338-H Choppin Hall, Ba-
ton Rouge, LA 70803, USA
Elevated concentration of particulate matter (PM) in ambient air has been recognized as a serious he-
alth and ecological threat. Many past incidents such as Donora smog of 1948, Great London Smog of 
1952 and many others has urged regulators in many countries to tackles the problem of air particulates. 
Studies have been concentrated on the mechanism of toxic effects of PM.  The complexity of the PM 
composition has proven to be a challenging task, as no clear link has been established in the cause-ef-
fect relation of different components of PM.  
In recent years a new phenomena have been described. The complex nature of PM results in a close 
interaction between the chemical components of that mixture resulting on the formation of surface stabi-
lized radical species.  These radicals, due to its stability and persistency in air are called Environmentally 
Persistent Free Radicals (EPFRs) and are synonymous with the metal-organic complex charge transfer 
species.  The discovery of EPFRs provides a new perspective on the toxicity of PM.  EPFRs have been 
found to be a source of hydroxyl radicals though a redox cycling process.  In physiological conditions, 
this translates to oxidative stress. In fact, correlations have been found between EPFRs in ambient air 
PM and many air pollution related diseases such as asthma, cardiovascular dysfunction or even indica-
tion of neurodegenerative effects. These ¿ ndings rede¿ ne the current views on the toxicity of PM. 
Another interesting aspect of EPFRs is their effect of plants. It is well established, that many air pollu-
tants such as NOx, SO2 or VOCs can impact the plant’s health. Not much is known on the effects of PM. 
Is it possible that OH generation potential of EPFRs can also affect the plant physiology?
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Genes for drought resistance in wheat 
- where are they and what do they do?
Steve Quarrie1, Dejan Dodig2, Ilona Czyczyáo-Mysza3, Ilinka Pecinar4, Dragana Rancic4
1 Faculty of Biology, Belgrade University, Studentski trg 16, 11000 Belgrade, Serbia
2 Maize Research Institute, Slobodana Bajica 1, 11185 Belgrade-Zemun Polje, Serbia
3 The F. Gorski Institute of Plant Physiology, Polish Academy of Sciences, Krakow, Poland
4 Faculty of Agriculture, Belgrade University, Nemanjina 6, 11081 Belgrade, Serbia
Email address for correspondence: steve.quarrie@gmail.com
A major objective for wheat breeding is to improve drought resistance - the ability of a variety to main-
tain a relatively high yield in environments where water availability is below optimum. Many traits have 
been proposed to breeders to help confer drought resistance, and increases in plant biomass and yield for 
a given water availability have been achieved.
The widespread use of molecular markers and sequencing technologies have allowed major progress to 
be made in identifying regions of the wheat genome regulating responses to drought, and current efforts 
to sequence the wheat genome will lead to the physical location of many genes. The challenges will then 
be to associate those genes with a function and also to determine a phenotype for allelic variation in that 
gene. Large-scale and rapid phenotyping platforms are becoming widespread to study the association of 
phenotypes with genotypes.
A population of 95 bread wheat doubled haploid lines from the cross Chinese Spring x SQ1 has been 
in use for over 20 years to locate quantitative trait loci (QTLs) for yield and many other traits in a wide 
range of environments. The genetic map contains over 800 informative markers distributed on all 21 
chromosomes.
Our current work aims to dissect QTLs for yield responses to drought into component plant traits likely 
to be causally-related, working back from QTLs for the determination of yield in a particular environ-
ment, through yield components, biomass productivity traits, individual organ traits, to plant anatomy, 
and developmental processes associated with the timing of cell division and expansion. This strategy 
is revealing candidate functions for gene(s) underlying QTLs. For example, from a ¿ eld trial in Serbia, 
QTLs determining the sensitivity of yield/ear to drought were frequently coincident with QTLs for 
sensitivity of À ag leaf width to drought. In another experiment at the Institute of Plant Physiology, leaf 
width was shown to be highly correlated with tracheid size in the leaf main veins. 
Our approach is complementary to the major programmes on sequencing the wheat genome and asso-
ciating a phenotype to each genotype.
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Aquaporins: Multifunctional Proteins in Mycorrhizal Associations
Janusz Zwiazek
Department of Renewable Resources, University of Alberta, Edmonton, Alberta, Canada T6G 2E3
Email address for correspondence: jzwiazek@ualberta.ca
The development of mycorrhizal associations can facilitate water uptake and transport in numerous 
species of plants. If the effects on root water transport are present, they may involve both apoplastic 
and cell-to-cell pathways. Fungal colonization often increases root transcript abundance of some of the 
major intrinsic proteins (aquaporins) and increases cell hydraulic conductivity in plant roots. However, 
until recently, the role of fungal aquaporins in water transport through the fungal-plant continuum had 
not been examined. In a recent study, we examined the contribution of hyphae to water transport in 
plants by altering the expression of a major water-transporting aquaporin in the ectomycorrhizal fungus 
Laccaria bicolor. The results of this study provided evidence for the importance of both plant root and 
fungal aquaporins in root water transport of mycorrhizal plants. They also demonstrated links between 
hyphal water transport, root aquaporin expression and root water transport in mycorrhizal plants. In 
addition to their function in water transport, we also found that some of the major intrinsic proteins in 
L. bicolor are involved in CO2, NO and H2O2 transport processes. These aquaporins are involved in the 
processes leading to the development of Hartig net in roots and in the development and growth of spo-
rocarps. Therefore, in addition to their effect on plant water transport, plant and fungal aquaporins act as 
molecular signaling channels and are fundamental to the development of ectomycorrhizal associations 
in plants and basidiocarp development in L. bicolor.  
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Do Canavanine and P-Tyrosine impact protein carbonylation 
and nitration level in roots of tomato seedlings?
O.Andrzejczak, P. Staszek, R. Bogatek, U. Krasuska, A. Gniazdowska
Department of Plant Physiology, Warsaw University of Life Sciences-SGGW, Nowoursynowska 159, 02-776 
Warsaw, Poland
corresponding author: olga_andrzejczak@sggw.pl
Introduction: Canavanine (Can) and meta-Tyrosine (m-Tyr) belong to non-proteinogenic amino acids 
(NPAAs). Can is found predominantly in seeds of some Fabaceae sp. and acts in plant defense against 
predators.  m-Tyr is an component of exudates of Festuca sp., and is considered as strong allelochemical. 
RNS and ROS are cellular mediators in plant responses to environmental stresses. Role of ROS in plant 
phytotoxicity or allelopathy has been reported recently (Gniazdowska et al. 2015), while RNS involve-
ment in this phenomena is still unknown. As modi¿ cation in RNS/RNS level may inÀ uence activity of 
many proteins by PTMs, the main object of our work was to investigate protein nitration and carbonyla-
tion in roots of tomato seedlings exposed to m-Tyr or Can.
Methods: Seedlings of tomato (Solanum lycopersicum L.) were treated for 24 or 72 hours with m-Tyr 
(50 and 250 M ) or Can (10 and 50 M). Tissue speci¿ c localization of H2O2 and superoxide anion 
(O2
-·) were detected by DAB or NBT staining. Emission of RNS (NO and ONOO-) in tomato roots were 
determined by spectroÀ uorymetric methods. Immunodetection of nitrated proteins was done using an-
tibody against 3-nitro-Tyr,  immunodetection of protein carbonyl groups by antidinitrophenyl (DNP) 
antibodies. Proteolytic activity was measured spectrophotometrically, using azocasein as a substrate.
Results: Inhibition of elongation growth of tomato roots by both NPAAs was accompanied by induction 
of enhanced production of ROS. As analog of Arginine Can lowered NO emission, while m-Tyr slightly 
enhanced emission of both RNS particularly in short term reaction. Can treatment declined level of ni-
trated proteins, mainly at the beginning of the culture while protein carbonylation in Can stressed roots 
was visibly promoted as the phytotoxicity stress was prolonged. m-Tyr stimulated  protein nitration in 
tomato roots after 72 h. Proteolytic activity correlated to alterations in carbonylated protein level.
Conclusions: Results indicate that although both NPAAs led to induction of oxidative stress their mode 
of action via PTMs is still doubtful.
References. Gniazdowska A. et al. (2015). Allelopathic compounds as oxidative stress agents: Yes or 
NO. Doi: 10.1007/978-3-319-10079-1_8.
Acknowledgements: The work was ¿ nanced by National Science Centre grant 2014/13/B/NZ9/02074 
and Ministry of Higher Education grant DI2013012843.
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Activity and structure of PSII of radish plants 
under nitrogen de¿ ciency conditions
*M.D. Cetner, **K. Kowalczyk, *H.M. Kalaji
* Department of Plant Physiology;
** Department of Vegetable and Medicinal Plants, Warsaw University of Life Sciences WULS—SGGW, 
159 Nowoursynowska Street, 02-776 Warsaw, Poland
Corresponding author: magdalena.cetner@gmail.com
Photosynthesis is susceptible to nutrient de¿ ciency. As a result of disorders in photosynthesis, both 
heat dissipation and chlorophyll a À uorescence (ChF) increase. Measuring the latter develops to be the 
main method in studying plant responses to various environmentally induced stresses. Implementing the 
OJIP Test to ChF measurement data provides detailed information on electron transport chain (ETC) in 
thylakoid membranes, and photosystem II (PSII) structure and ef¿ ciency (Kalaji et al., 2014). The aim 
of this paper was to characterise changes in ETC and PSII ef¿ ciency and structure induced by nitrogen 
de¿ ciency in radish plant growth environment, both during stress and recovery.
Plants were grown in growing chambers. Hoagland solution was used as a nutrient solution for hydro-
ponics. Stress condition was applied 16 days after seed germination. After 13 days complete nutritional 
solution was restored. Plants recovered for 11 days. ChF measurements were performed using Handy-
PEA (Hansatech Instruments, UK) and the OJIP test was applied to analyse data.
ChF induction curve recorded in stressed plants varied regarding to control sample. Double normalisa-
tion revealed distinctive modi¿ cations in curve shape. Both positive K-band and L-band were observed, 
which indicates oxygen evolving complex disruption and decrease in the exciton transfer between 
photosynthetic units. Disorders in ETC were con¿ rmed by increasing non-photochemical quenching 
and decreasing yield and ef¿ ciency parameters derived from the OJIP test. After recovery reactions of 
another type were observed.
Results indicate that nitrogen de¿ ciency in growth environment of radish plants affects its photosyn-
thetic ef¿ ciency due to disruption in ETC at donor site of PSII and structural changes in PSII light 
harvesting complex.
References
Kalaji MH, Oukarroum A, Alexandrov V, Kouzmanova M, Brestic M, Zivcak M, Samborska IA, Cetner MD, 
Allakhverdiev SI, Goltsev V (2014) Identi¿ cation of nutrient de¿ ciency in maize and tomato plants by in vivo 
chlorophyll a À uorescence measurements, Plant Physiology and Biochemistry: 81, 16-25
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Physiological response of Ambrosia maize variety 
(=HDPD\V var. VDFFKDUDWD) to simulated drought stress.
G. Migdaáek, K. MoĪdĪeĔ, G. Rut, A. Rzepka
Pedagogical University of Cracow, Faculty of Geography and Biology, Institute of Biology, Department of Plant 
Physiology, PodchorąĪych 2 Street, 30-084 Cracow, Poland,
Introduction: Water stress one of the key factors inÀ uencing plant productivity. It leads to disturbances 
in plant growth and development, as well as various physiological processes, such as respiration and 
photosynthesis (Hsiao et al. 1976, Olszewska et al. 2010). Simulated osmotic stress induced by manni-
tol helps to accurately estimate the effect of drought on plant physiological parameters (Soetaert et al. 
1999).
Methods: The plants and seeds of Z. mays var. saccharata were treated with mannitol of a concentration 
equaling -0.5 MPa and -1.5 MPa of water potential in order to ascertain the inÀ uence of drought stress 
on this popular variety. The measurements of physiological processes were carried out in germination 
and growth phase and included photosynthesis and respiration intensity, quantum ef¿ ciency of PSII, 
chlorophyll content, electrolyte leakage and biometric measurements. 
Results: Drought stress had an inhibitory effect on germination and growth of plants, which was exhibi-
ted by lower germination power and energy as well as inhibited leaf growth. The ef¿ ciency of PSII pho-
tosystem and gas exchange was greatly inhibited, especially in the growth phase at the highest mannitol 
concentration. The water and chlorophyll content were also reduced signi¿ cantly in the growth phase. 
Plants treated with mannitol showed high membrane degradation regardless of the treatment phase.
Conclusions: Drought stress simulated by mannitol has a profound and overall negative effect on phy-
siological processes of the studied variety of Z. mays. The rate of changes is positively correlated with 
mannitol concentration and depends on the development phase and the exposure time.
References:
Hsiao T.C., Acevedo E., Fereres E., Henderson D. W. 1976. Water Stress, Growth, and Osmotic Adjustment. Phil. 
Trans. R. Soc. Lond. B 273:479-500
Olszewska M., Grzegorczyk S., Olszewski J., Baáuch- Maáecka A. 2010. A comparison of the response of selected 
grass species to water stress. Grassland Science in Poland 13:127-136.
Soetaert W., Vanhooren P. T., Vandamme E. J. 1999. The Production of Mannitol by Fermentation. Carbohydrate 
Biotechnology Protocols. Pp. 261-275.
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New Polish7ULFKRGHUPD strains as biocontrol agent of cucumber plants 
in the ¿ eld conditions
*J. Nawrocka, *U. Maáolepsza, **M. Szczech, **K. FelczyĔski
*Department of Plant Physiology and Biochemistry, University of Lodz, Poland
**Horticulture Research Institute Skierniewice, Poland
corresponding author: jnawrocka@biol.uni.lodz.pl
Introduction: The subject of this study is associated with the search for environmentall friendly methods 
of crop plant protection by natural biocontrol agents. The newly selected, Polish strains of Trichoderma 
fungi seem to be an alternative to the use of harmful pesticides in cucumber crop cultivation. However, 
plant protection by these microorganisms may depend on the form of Trichoderma application [1,2]. 
Therefore, the aim of this study was to evaluate the inÀ uence of different forms of Trichoderma spore 
application on cucumber growth and health in the ¿ eld conditions.
Methods: T. atroviride TRS25 and T. virens TRS106 were evaluated for their ability to promote seed 
germination and growth of cucumber plants (Cucumis sativus L.) cv. Iwa F1 during two vegetation 
seasons. A comparative study was conducted concerning the effect of the tested strains on biochemical 
changes in phenolics (PC) metabolism, as hallmarks of the strenghtening of plant protective barriers 
against biotic and abiotic stress. Trichoderma spores were used to (i) directly treate cucumber seeds, 
(ii) prepare the suspension to spray plants, and they were introduced with organic carrier into the soil 
before cucumber seeds sowing. Samples were taken from the control and Trichoderma treated plants at 
the one-leaf stage (¿ ve week old) and the early À owering stage (seven week old).
Results: Trichoderma TRS25 and TRS106 improved cucumber seed germination. Both strains, when 
used directly or with the organic carrier, positively inÀ uenced biomass accumulation of cucumber plants 
mainly at the early À owering stage of the plants. The treated plants higher activity of phenylalanine am-
monia-lyase (PAL) was observed regardless of the cucumber age. The highest PAL activity, above 90% 
increases in plants derived from the seeds treated directly with TRS25 and in plants treated with TRS106 
added with the organic carrier were observed. Comparing with the control, increased PC, phenylpro-
panoid (PP) and À avonoid (FL) concentrations in the young plants were observed in all TRS25 treated 
material regardless of the application method. At the early À owering stage the hightened levels of PC, 
PP and anthocyanins (AC) persisted in the plants derived from the seeds treated directly with this strain. 
The seeds treatment with TRS106 increased FL concentration, including AC in young plants as well as 
ortodihydroksyphenolics (oDP) and PP concentrations in the plants at the early À owering stage. The ac-
cumulation of PC and FP in older plants sprayed with TRS25 or TRS106 suspension was also observed.
Conclusions: The results suggest that both Trichoderma strains can be used to stimulate cucumber seeds 
germination and plant growth promotion in the ¿ eld, however TRS25 was more effective. Both strains 
inÀ uenced phenolic compound metabolism. Strain TRS25 seems to increase phenolics accumulation in 
young plants derived from seeds directly Trichoderma treated. In  older plants spraying with TRS25 or 
TRS106 may also effectively stimulate phenolic metabolism. The application of Trichoderma spores 
with organic carrier into the soil before cucumber seed sowing seems to be less succesful.
Acknowledgements: This work was supported by grant no: UDA-POIG.01.03.01-00-129/09-06, “Po-
lish strains of Trichoderma sp. in biocontrol and to make productive organic waste”.
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The role of reactive oxygen and nitrogen species in common bean 
after sequential pathogen infection
*A. Nowogórska, *M. Skwarek, *A. Witczak, *J. Patykowski
* Department of Plant Physiology and Biochemistry, Faculty of Biology and Environmental Protection, 
Banacha 12/16, 90-237 àódĨ
corresponding author: nowogorska.agata@gmail.com
Introduction: Plants in response to pathogen attack trigger a range of signals activating defense mecha-
nisms. Reactive oxygen and nitrogen species (ROS and RNS, respectively) are ¿ rst generated key signal 
molecules. They are both involved in direct as well as indirect reactions triggering resistance to stress 
factors. S-nitrosylation in one of the mechanisms regulating protein activity under various stresses. 
It largely depends on the activity of S-nitrosoglutathione reductase (GSNOR) (Feechan et al., 2005). 
On the other hand, the metabolism of ROS is strictly related to enzyme activity and low-molecular 
compounds maintaining redox state such as peroxidase (POX), superoxide dismutase (SOD) as well as 
glutathione reductase (GR) and monodehydroascorbate reductase (MDAR) functioning in the ascor-
bate-glutathione cycle. 
Methods: Two week-old plants of Phaseolus vulgaris were inoculated with a single pathogen Pseudo-
monas syringae pv. phaseolicola or Botrytis cinerea or sequentially with both pathogens. Measurements 
of  chosen parameters were performed from the 24th to the 96th h post-inoculation. Histochemical detec-
tion of NO and H2O2 was performed using DAF-FM DA and DAB methods, respectively. The activities 
of SOD, GSNOR, GR and MDAR were measured according to the methods of Beauchamp and Frido-
vich (1971), Sakamoto et al. (2002), Bentler (1975), Hossain and Asada (1984), respectively. 
Results: The analyses showed that the chosen pathogens caused signi¿ cant changes in the generation of 
ROS and RNS, as well as in the activity of selected enzymes comparing to the control. After pathogen 
attack, the grater activity of SOD was observed ¿ rst in the apoplastic fraction and then in cytosol. The 
GSNOR activity increased with time, especially after fungal infection. Activities of the enzymes of 
ascorbate-glutathione cycle changed differently depending on the pathogen.
Conclusions: The results of our studies con¿ rmed that ROS and RNS, as well as the enzymes involved 
in their metabolism, ply a crucial role in plant reactions to pathogen attack. The total response of com-
mon bean to the sequential infection was mainly determined by the mechanisms induced after the bac-
terial infection.
References:
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The role of enzymatic and non-enzymatic antioxidants in oak seedlings 
after 0LFURVSKDHUDDOSKLWRLGHV infection
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of Lodz, Banacha str. 12/16, 90-237 Lodz
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Introduction: Pedunculate oak (Quercus robur) is one of the most common tree species in forest eco-
systems. It is very susceptible to infection with Microsphaera alphitoides, which causes oak powdery 
mildew - a major foliar disease of Quercus robur in Europe. Plants can respond to various environmental 
challenges with diverse biochemical changes. Rapid increase in generation of reactive oxygen species 
(ROS), such as O2
.- and H2O2 is the ¿ rst reaction of plant cells in response to biotic stress factors. The 
ascorbate-glutathione cycle is the most important plant mechanism balancing enzymatic and non-enzy-
matic antioxidants. The aim of the study was to determine the selected elements of the ascorbate-gluta-
thione cycle such as ascorbate peroxidase activity (APX) and the concentrations of ascorbate (AA) and 
dehydroascorbate (DHA) in the Quercus robur leaves infected with powdery mildew.
Methods: One year old seedlings of pedunculate oak infected with powdery mildew, obtained from the 
two Forestry Districts: Smardzewice and Gidle, were used as the material. The concentration of oxidised 
and reduced ascorbate was measured by the method of Knörzer et al. (1996). Activity of ascorbate per-
oxidase was measured according to the method of Nakano and Asada (1981). The protein content was 
determined by the method of Bradford (1976).
Results: The results showed the signi¿ cant increase in the activity of APX in the infected oak leaves, 
obtained from both nurseries. The highest concentrations of AA and DHA were observed in the control 
leaves, obtained from the ground nursery. We observed the decrease in the concentrations of AA and 
DHA in the infected leaves (5% of infected area), obtained from the container nursery.
Conclusion: Our results demonstrated changes of APX activity as well as AA and DHA concentrations, 
which may be related to defensive reactions of oak leaves to Microsphaera alphitoides infection.
References:
Bradford M.M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing 
the principle of protein-dye binding. Analytical Biochemistry, 72: 248–254.
Knörzer O.C. Durner J. Böger P. 1996. Alterations in the antioxidant system of suspension-cultured soybean cells 
(Glycine max) induced by oxidative stress. Physiologia Plantarum, 97: 388–396.
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plasts. Plant Cell Physiology, 22: 867–880.
Acknowledgments: We would like to thank Forestry District Smardzewice and Forestry District Gidle 
for permission to use oak seedlings as material for research.
17  Page 26 of 124 Acta Physiol Plant (2016) 38:17
ORAL PRESENTATIONS – YOUNG SCIENTISTS COMPETITION
27
Membrane and leaf models of chlorophyll À uorescence 
as physiological markers of ability maize hybrids to cope of soil 
compaction stress combined with limited or excess soil water content
Piotr Szczyrek
Institute of Plant Physiology, PAS, Niezapominajek 21, Cracow, PhD student - International Doctoral Studies in 
Natural Sciences of the Polish Academy of Sciences in Cracow.
Introduction. Crop plants in natural habitats are subjected to different combinations of soil moisture 
and soil compaction. Thus, soil compaction combined with drought or waterlogging stresses is repre-
sentative of the different environmental stresses occurring in the ¿ eld. The À uorescence of chlorophyll a 
is a fast, non-destructive and non-invasive tool to study physiological state of photosynthetic apparatus. 
In experiment the leaf and membrane models was study for determination of differences in response 
between resistant (Tina) and sensitive (Ankora) maize hybrids. Leaf model shows phenomenological 
energy À uxes per excited cross section (CS) and membrane model shows speci¿ c activities expressed 
per the reaction center (RC)
Methods. Seedlings of sensitive and resistant to environmental stresses maize hybrids were grown 
in low (L) and severe(S) soil compaction levels and under drought (D) or waterlogging (W) stresses. 
Chlorophyll À uorescence was measured with PEA meter and after 7,14 and 21 days of drought or wa-
terlogging stress application. 
Results. The applied stresses decreased PSII activity of maize seedlings. Phenomenological parameters 
(energy absorption, trapping and electron transport)  calculated on the basis of cross section. The har-
mful effects of soil compaction stresses combined with drought or waterlogging on PSII activity were 
apparent in both (Ankora and Tina) hybrid especially in the last days of measurements (21 day) but most 
noticeable changes were observed in (Ankora) hybrid grown in severe soil compaction combined with 
waterlogging. In low soil compaction both genotypes indicates that decrease of seedlings À uorescence 
parameters under the waterlogging stress was higher than in soil drought. Whereas the severity of this 
effect was more visible in (Ankora) hybrid whereby we considered Tina as resistant hybrid where effects 
of stresses on PSII activity were less intense. The most pronounced changes in majority of studied chlo-
rophyll À uorescence parameters were found for non-reducing QA reaction centers (inactive or silent) 
and electron transport À ux per CS.  were relatively much more resistant to combined stress factors. This 
indicates that genotypes resistant to soil compaction (SC) were more resistant to drought (D) or water-
logging (W) stresses and that genotypes resistant to D were also resistant to W. 
Conclusions. In maize there exists an intraspeci¿ c variation to environmental stresses e.g. soil compac-
tion levels and their combination with drought or waterlogging. Tolerance to a combination of different 
stress conditions, particularly those that mimic ¿ eld environment, should be the focus of research pro-
grams aimed at developing new crop genotypes with enhanced tolerance.
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Acute toxicity of metals: nickel and zinc to 3DUDPHFLXPEXUVDULD
and its endosymbionts
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Introduction: Paramecium bursaria is an unicellular organism, widely distributed in the freshwater 
environment, where heavy metals are common contaminants. The ciliates, also including Paramecium 
bursaria, are a very abundant group in aquatic ecosystems, what makes them effective biological indica-
tors of water pollutants (Dryl, 1973). Paramecium bursaria is the only Paramecium which has evolved 
a mutualistic relationship with algae and it harbors these endosymbionts in its own cytoplasm (Hoshina 
et al., 2009). The algae are also very effective bioindicators of some pollutants because of their ability 
to biosorption and bioaccumulation of heavy metals (Nicolau et al., 1999). The aim of this study was 
to determine the acute toxicity of two metals’ compounds: nickel chloride (NiCl2) and zinc chloride 
(ZnCl2) to Paramecium bursaria and its endosymbionts. 
Methods: The ciliates were incubated in solutions with 5x10-8 to 5x10-2g/dm3 of NiCl2 and with 5x10-8 
to 5x10-2g/dm3 of ZnCl2, at the temperature of 18
0C, in the light/dark conditions (12L/12D). Microscopic 
observations of cell divisions rate, cell shape changes as well as the swimming behavior, were conducted 
after 24, 48, 72 and 120 hours of incubation in the tested solutions and were compared to the control 
sample. 
Results: Microscopic observations revealed the lethal doses for both compounds, for nickel chloride 
5x10-5g/dm3 and for zinc chloride 5x10-3. These observations also revealed that in lesser concentrations 
than the lethal one, the slowdown and characteristic movements occur after metal addition. The PEA 
measurements of Fv/Fm parameter were carried out within 4 days, the ¿ rst one after 24 hours of incu-
bations. The results of this investigation has given us a view of a À uorescence ef¿ ciency by revealing 
that both compounds solutions can have the stimulating effect on Photosystem II, because the lowest 
À uorescence ef¿ ciency was measured in control samples.
Conclusions: Conclusions we can put forward are that nickel and zinc are toxic to freshwater ciliate 
Paramecium bursaria. Moreover nickel is an effective immobilizatory agent for ciliates and that both 
compounds ions are responsible for increasing activity of photosynthetic apparatus.
References: 
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Effect of salinity and Cobalt application on photosynthesis, 
nitrogenase activity and yield of wheat inoculated with $]RVSULOOLXP
Alireza Bagheri¹ 
Department of agronomy, Islamic Azad University, Eghlid branch, Iran.
Email: aliagrono@yahoo.com 
Introduction: Salinity may have different effect on yield and protein content. Salinity also affects ni-
trogen assimilation in plants. Azospirillum has been reported to improve growth of cereals even under 
stress condition. Co is a constituent of  nitrogenase (NA) and nitrate reductase (NR), required for the as-
similation of soil nitrates. Therefore, the function of Co is closely related to plant nitrogen metabolism. 
Therefore, the aim of the present investigation was to study the effect of Co on photosynthesis, growth 
and mineral nutrition of wheat plants inoculated with A. brasilense in greenhouse experiment under salt 
stress conditions.
Methods: A. brasilense strain used as inoculum at the amount of 1 cm³ = 107 CFU per wheat seed. The 
experiment comprised of four irrigation water salinity treatments to achieve soil salinities (1 as control, 
5, 10 and 15 ds mØ¹). Second factor comprised the levels of Co (Cobalt sulfate) application and the third 
factor included two levels of inoculation with Azosprillum. The experimental design was factorial based 
on complete randomized design with four replications. 
Results: Salinity decreased grain yield in all levels. GY reduction in inoculated treatment was lower 
(12%) than uninoculated treatment (27%). Inoculation was more effective on crop tolerance to salinity 
when Co was applied. Inoculation signi¿ cantly affected the content of saccharides and proteins. Co 
application signi¿ cantly enhanced shoot saccharides, either in inoculated and in uninoculated plants at 
all salinity levels. The highest plant N content was obtained from Co treated and inoculated plants in 
control salinity. 
Conclusion: In inoculation treatments which increased plant stress tolerance, nitrate/ ammonium ratio 
increased. Plant nitrogen content reduction in salt stress, may decrease photosynthetic enzyme activity 
and decreased photosynthesis, followed by decrease in stomatal conductivity and increase in mesophy-
lic resistance. Plant respond to these processes by starch break down and sucrose (in Co treated plants) 
and fructan (in inoculated plants) accumulation. 
References: 
Bagheri, A.R. (2011). Effect of salinity and inoculation with Azosprillium on carbohydrate production, nitrogen 
status and yield of barley. African J. Biotec. 10(45): 9089-9096.
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Bioactive compounds and in vitro biological activity 
of  explantats (XSKUDVLDURVWNRYLDQD+D\QH
A. Filová
Department of Plant Physiology, Slovak University of Agriculture in Nitra, Tr. A. Hlinku 2, 949 01 Nitra, Slova-
kia, e-mail: angela.¿ lova@uniag.sk
In the search for alternatives to production of medicinal compounds from plants, biotechnological ap-
proaches, speci¿ cally plant tissue cultures, are found to have potential as a supplement to traditional ag-
riculture in the industrial production of bioactive plant metabolites (Vijayasree et al., 2010). Euphrasia 
rostkoviana is an edible medicinal species growing in Himalayas. Despite their chemical andbiological 
importance, E. rostkoviana leaves are still poorly studied. In order to improve the knowledge onits 
metabolite pro¿ le and biological properties of explantats cultures were studied. The genus Euphrasia 
consists of around 450 Euphrasia speciesand their wild hybrids dif¿ cult to identify botanically, belongs 
tothe family of Orobanchaceae (Barnes et al., 2007). Euphrasia rostkoviana Hayne, synonym E. of¿ -
cinalis L. Scrophulariaceae, commonly known as “eyebright”, “eyewort”, is a wild plant growing in 
the temperate Himalayas, from Kashmir to Sikkim, Nilgiri’s, Palestine, Israel and Iran (Porchezhian 
et al., 2000). Eyebright is stated to possess anticatarrhal, astringent and anti-inÀ ammatory properties. 
Traditionally it has been used for nasalcatarrh, sinusitis and speci¿ cally for conjunctivitis when applied 
locally as an eye lotion (Barnes et al., 2007). Additionally, eyebrightis used as food being consumed as 
infusion and is listed by the Council of Europe as a natural À avouring (Barnes et al., 2007), however 
little scienti¿ c information was found to justify the reputed herbaluses.
The aims of this work were to improve the knowledge on metabolite composition and evaluate some 
biological capacities of two different explantates cultures from E. rostkoviana (leaves and roots), for 
further possible exploitation as food supplements associated to their health-promoting qualities. The 
quantitative and qualitative analysis of phenolic compounds allowed the identi¿ cation of six hydroxy-
cinnamic acids and derivatives and nine À avonoids. Seven organic acids, nine fatty acids and two sterols 
were identi¿ ed for the ¿ rst time in this matrix.The results obtained of this study revealed to be an inte-
resting source of bioactive compounds and demonstrate the ef¿ cacy of E. rostkoviana extracts as free 
radical scavengers and antibacterial activity, suggesting that they may be interesting not only for human 
health but also as food antioxidant and preservative.
References
Vijayasree N., Udayasri P., Aswani K. Y., Ravi B. B., Phani K. Y. 2010. Advancements in the Production of Secon-
dary Metabolites. J. Nat. Prod. 3112123
Barnes, J., Anderson, L.A., Phillipson, J.D., 2007. Herbal Medicines. PharmaceuticalPress, London, pp. 256–257.
Porchezhian, E., Ansari, S.H., Shreedharan, N.K., 2000. Antihyperglycemic activity of Euphrasia of¿ cinalis le-
aves. Fitoterapia 71 (5), 522–526.
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Changes of ABA content, antioxidant activity 
and physiological characteristics in maize hybrids grown 
under soil compaction stress with drought or waterlogging
M.T. Grzesiak*, P. Szczyrek*, K. Kaczanowska* A. Ostrowska*, G. Rut**, A. Rzepka**, F. Jano-
wiak*, Hura K.***
* The Institute of Plant Physiology, PAS, Niezapominajek 21, PL 30-231 Cracow, Poland
** Institute of Biology, Pedagogical University, PodchorąĪych 2, PL 30 084 Cracow, Poland
*** University of Agriculture in Cracow, Podluzna 3, 30-239 Cracow, Poland
Introduction Soil compaction (SC), drought (D) and waterlogging (W) affects plants growth, devel-
opment and yield. The intraspeci¿ c variations within genotypes in response to different stresses are 
signi¿ cant, though problems related to combined (multistress) inÀ uence of soil moisture and physical 
soil parameters have not been studied thoroughly. 
Aim. The aim of this study was to examine the response of maize hybrids differing in a tolerance to 
environmental stresses (Ankora-sensitive, Tina- resistant) on the changes of water potential (ȥ) , mem-
brane injury (LI), chlorophyll content (SPAD), gas exchange parameters (Pn, E, gS), content of ABA and 
antioxidant activity. 
Methods.Seedlings were grown in low (L), moderate (M) and severe (S) soil compaction levels and 
under drought or waterlogging. 
Results.Diurnal changes of root (ȥR) and leaf (ȥL) water potential were observed in seedlings subjected 
to D or W conditions (L+D, S+C, L+W and S+W) treatments. In seedlings growth without watering 
(D) or waterlogging (W), signi¿ cant differences between ȥR  and ȥS were observed around noon hours. 
Under L+D and S+D the differences between ȥR and ȥL at noon in Ankora were small in comparison 
to Tina. In seedlings grown under L+W and S+W conditions changes in ȥR and ȥL were lower in com-
parison to L+D and S+D treatments. For seedlings grown in M and S conditions and subjected to D or 
W, membrane injury (LI) for the sensitive hybrid Ankora were higher than in the resistant hybrid Tina. 
Similarly for L+C and S+C conditions the decrease of SPAD, Pn. E and gS and the increase of (ȥL)  for 
Ankora was higher in comparison to Tina. No differences between ABA content in leaf, stem and root 
of seedlings grown under L+C and S+C were observed. Signi¿ cant differences between hybrids were 
observed only for ABA content in the stem of seedlings grown under S+D and in the root for under L+W. 
Signi¿ cant differences in antioxidants activity between hybrids were observed in leaf for seedlings 
grown under S+D, in stem under L+C and L+D and in stem under S+W.  
Conclusion. Our study indicated that in  maize there exists an intraspeci¿ c variation to soil compaction 
levels and their combination with drought or waterlogging. 
Acknowledgements. The authors are grateful to the National Science Centre (NCN) for ¿ nancial support 
(Project No. 7825/B/P01/2011/40). We are in debt to SEMPOL–Holding, Trnava, Slovakia  for provi-
ding the maize hybrids.
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Activation of pepper :5.< genes by tobamoviruses 
and by hormone treatments
*C. Juhász, **A.M. Kristály, *I. Tóbiás, *G. Gullner
*Plant Protection Institute, Centre for Agricultural Research, Hungarian Academy of Sciences, 1022 Budapest, 
Herman Ottó út 15, Hungary
**Szent István University, Faculty of Veterinary Science, Institute for Biology, 1078 Budapest, István utca 2, 
Hungary
corresponding author: gullner.gabor@agrar.mta.hu
Introduction: Infection of plants by viruses results in a massive transcriptional reprogramming of hun-
dreds of plant genes, which includes the up-regulation of a large number of defense genes. The rapid 
and robust activation of defense responses is necessary to disease resistance. The transcriptional repro-
gramming is regulated by various transcription factor proteins and by defense hormones. WRKY tran-
scription factors play pivotal roles in the regulation of defense reactions in infected plants. To learn more 
about the role of WRKYs in virus resistance we have investigated the expression patterns of several 
WRKY genes in pepper inoculated with two tobamoviruses or treated with hormones.
Methods: Leaves of the pepper (Capsicum annuum L.) cultivar TL 1791 harbouring the L3 resistance 
gene were inoculated with Obuda pepper virus (ObPV) or Pepper mild mottle virus (PMMoV). In se-
parate experiments pepper leaves were treated with sodium-salicylate or methyl-jasmonate. Total RNA 
was extracted from inoculated, hormone-treated and control leaves after different time periods. The 
expression of WRKYs was analyzed by RT-PCR and real-time RT-qPCR. Ampli¿ ed PCR products were 
cloned and sequenced.
Results: Inoculation of pepper leaves with ObPV resulted in the appearance of hypersensitive necrotic 
lesions (incompatible interaction), whereas PMMoV did not cause any visible symptoms (compatible 
interaction). We identi¿ ed several pepper WRKY genes by in silico assembly of expressed sequence tags 
(ESTs) collected from databases and monitored their expressions in pepper leaves. Both ObPV- and 
PMMoV-inoculations markedly up-regulated the expression of several WRKYs, but the rapidity and 
magnitude of gene activations were different between the two viruses. The expression of WRKYs was 
generally strongly up-regulated by sodium-salicylate. In contrast, methyl-jasmonate markedly suppres-
sed the expression of a WRKY gene.
Conclusions: WRKYs that were strongly activated in the incompatible pepper-ObPV interaction, but not 
in the compatible pepper-PMMoV interaction, may contribute to virus resistance.
17  Page 32 of 124 Acta Physiol Plant (2016) 38:17
ORAL PRESENTATIONS
33
Dynamics of HSP70 synthesis as an indicator of plant tolerance: 
high temperature and À ooding
Kozeko L.
Institute of Botany, NAS of Ukraine, Tereshchenkivska str. 2, Kyiv, 01601, Ukraine
liudmyla.kozeko@gmail.com
Introduction: Induction of HSPs is a key component of the general adaptation syndrome (GAS). It is 
considered that their enhanced expression is transient and followed by a decline (a domelike pattern), 
even if cells remain under prolonged inÀ uence of a stress factor [Schumann, 2001]. At that, HSPs have 
received the most attention in model organisms. This study has focused on relationship between dynam-
ics of HSP synthesis and stress tolerance in model and nonmodel plants.
Methods: Species with different limits of tolerance were studied. Land plants Arabidopsis thaliana, 
Malva sylvestris, M. pulchella, Sium latifolium  were subjected to prolonged inÀ uence of high tempera-
ture (37°C) or soil À ooding; an aquatic plant Trapa natans was subjected to high temperature. Their 
tolerance limits were compared using survival experiments. HSP70 in leaves was analyzed by Western 
blotting during the period of exposure.
Results: The species were rated for resistance to the stressors. Species-speci¿ c differences in a number 
of detected HSP70 isoforms and dynamics of their synthesis were revealed. In general, all species re-
sponded to stress by early HSP70 induction, but their tolerance correlated with the basic level of HSP70 
and its induction level. Moreover, the plants with low tolerance showed a domelike pattern of HSP70 
synthesis, whereas its progressive accumulation was characteristic for more tolerant plants. 
Conclusions: Dynamics of HSP70 synthesis during long-term exposure to an unfavorable factor may 
serve as an indicator of plant resistance. The ability to high and prolonged HSP70 induction underlies 
the survival and successful adaptation of a plant in variable environment.
References: 
Schumann W., 2001. Heat shock response. Encyclopedia of life sciences.
Acta Physiol Plant (2016) 38:17 Page 33 of 124 17
ORAL PRESENTATIONS
34
Plasma membrane H+-ATPase and Na+/H+-antiporter functions  in 
corn root cells under salinity conditions and using of bioactive preparation 
T. O. Palladina
Kholodny Institute of  Botany, NAS of Ukraine, Tereschenkivska  street 2, Kyiv 01601, Ukraine
Corresponding author:  tatiana_palladina@ukr.net  
 
Introduction: Na+ is the main cation of salinized soils which presence increases salt stress hardness for 
plants. Plant cell remove Na+ from cytoplasm outside by Na+ / H+ antiporter used   plasma membrane 
potentials created by its H+-pump which mechanism is represented with E1-E2 type H+ ATPase (1). Na+ 
presence   increases its transport activity and Na+/ɇ+ function (2, 3).
Methods: Experiments were carried out on corn seedlings exposed on 0.1M NaCl. Bioactive prepara-
tion Methyure was used by seed pretreatment. Plasma membrane preparations were isolated by phase 
separation method. Gene expression of H+-ATPase and Na+/H+-antiporter was studied by RT-PCR anal-
ysis. PCR products were separated by electroforesis in agarose gel and analyzed by   densitometry. 
Results: 1-day  NaCl  exposition increased  H+-ATPase and Na+/H+antiporter transcripts  accumulation 
but  this effect  disappeared  after  10-day one. Obtained changes correlated with these proteins activ-
ities. H+-ATPase was represented with 4 isoforms while MHA3 and MHA4 were the main ones. The 
last isoform retained a slight expression even after 10-day NaCl exposition.  Methyure using increased 
H+ATPase and Na+/H+- activities at NaCl presence   without effects on their gene expression. 
Conclusions:  Na+ presence  caused in a   plasma membrane a  short  increasing of    Na+/H+-antiporter 
function  and H+-ATPase transport activity whereas Methyure using  ampli¿ ed  and  prolonged  Na+ 
effect on  these processes on   a molecular level. 
References:
Serrano R.// Ann.Rev.Plant  Mol. Biol. 40,P. 61-94
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Functional anatomy as a tool for understanding plant responses to stress
*D. Ranþiü, *I. Peüinar, *S. Pekiü Quarrie  
* Department of Agrobotany, Faculty of Agriculture, University of Belgrade, Nemanjina 6, Belgrade, Serbia
corresponding author: rancic@agrif.bg.ac.rs
All plant features, including anatomical and cytological, should be interpreted as a part of plant’s adap-
tive capacity to a speci¿ c environment. The plants are dependent on multiple factors in their environment 
and in order to survive they react to different stress factors by adjusting both physiological functions and 
structure. Their reactions depend on the intensity and duration of stress, as well as on the plant’s genetic 
characteristic and stage of development. Most studies considering plant reaction to stress factors are 
mainly related to changes at the morphological, physiological and biochemical level, but anatomical as-
pects, although also an integral part of plant resistance to stress, are much less studied. Growth of plants 
under stress conditions depends on the processes of cell division, elongation and differentiation, and 
structural changes at cell, tissue and organ level allow plants to cope with environmental stress factors. 
To gain a better understanding effect of stress on structure, chemical composition and properties of 
plant cells, tissues and organs, as well as plant adaptive responses and defense mechanisms, several 
microscopic, chemical and physical methods could be applied. In this paper we will provide an overview 
of selected anatomical techniques useful for investigation micromorphological details of plant surface 
as well as for investigation of details of inner plant structure, including light, À uorescence, raman and 
electron microscopy, with a brief discussion of advantages and limitations of each. Speci¿ c procedures 
in aim to localize speci¿ c metabolites as well as methods for investigations hydraulic architecture at the 
whole plant level will be reviewed.
Overview of examples of anatomical research applications to different abiotic stress investigations will 
be provided i.e. anatomical adaptation to drought stress and À ooding, anatomical responses of plants to 
heavy metal stress, as well as some examples of plants response to biotic stress factors i.e. some anato-
mical aspects of virus, bacterial and fungal disease on plant growth,  interactions between symbionts in 
mycorrhizal plants, plant reaction to arthropod herbivory, effects of plant gall inducers and plant–parasi-
tic plant interactions. Also, the effects of some plant growth regulators in plant growth and development 
on anatomical level will be analyzed.
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Photosynthetic competition between 4XHUFXVSHWUDHD and 3UXQXVVHURWLQD 
seedlings growing under the different light environments
P. Robakowski, E. Bielinis
University of Life Sciences in PoznaĔ, Department of Forestry, ul. Wojska Polskiego 71E, 60-625 PoznaĔ, Poland; 
corresponding author: pierrot@up.poznan.pl 
Introduction: The photosynthetic competition can be de¿ ned as the ability of a plant to maintain or 
increase net CO2 assimilation rate at the expense of a reduction of neighbouring plant photosynthesis. 
In this study we posited that the outcomes of competition would be reÀ ected by changes in net CO2 
assimilation rates (Amax), photosynthetic ef¿ ciency and energy partitioning. The hypothesis was tested 
that invasive seedlings of Prunus serotina would show higher photosynthetic performance than native 
Quercus petraea when growing in competition.
Methods: Gas exchange was measured with the open system (LCA4, ADC, UK) each month on one 
occasion from June to September 2012. Light curves of À uorescence were obtained with Fluorescence 
Monitoring System (FMS 2, Hansatech, UK) in August. The curves were used to calculate the propor-
tion of energy transferred to photochemistry (ĭPSII), thermal dissipation (ĭNPQ) and constitutive thermal 
energy dissipation and À uorescence (ĭf,D).
Results: Amax of Q. petraea increased with growing irradiance and was highest in the Quercus monocul-
ture with mulching using P. serotina leaves (Q+L) compared with  Quercus monoculture (three Quercus 
seedlings per pot – Q) and the competition treatment with mulching (3 seedlings of Q. petraea and 6 
seedlings of P. serotina – Q+P+L). Amax of P. serotina increased also with irradiance, but in contrast to 
its competitor it showed lower Amax in Q+P+L. Energy partitioning depended on the species and light 
treatment.
Conclusions: The effects of the light regimes on Amax and energy partitioning was more pronounced 
than the effect of the between-species competition. The photosynthetic response of P. serotina to light, 
competition and mulching was more plastic compared with Q. petraea.
Acknowledgements: The study was supported by Ministry of Science and Higher Education Research 
Grant N N 309026939. E. Bielinis was a scholarship holder within the project within the 8.2.2 Human 
Capital Operational Programme, co-¿ nanced by European Union under the European Social Fund.
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Why enhanced production of the À owers treated with exogenous 
biostimulants is not correlated with higher seed set in common buckwheat 
()DJRS\UXPHVFXOHQWXP)? – data from embryology
*A. Sáomka, **F. Dubert, **M. Dziurka, ***P. Kopeü, ***A. PáaĪek
*Department of Plant Cytology and Embryology, Jagiellonian University, 9 Gronostajowa, 30-387 Cracow,  Poland
**The Franciszek Górski Institute of Plant Physiology, Polish Academy of Science, 21 Niezapominajek, 
30-239 Cracow, Poland
***Department of Plant Physiology, University of Agriculture, 3 PodáuĪna, 30-239 Cracow, Poland
corresponding author: a.slomka@iphils.uj.edu.pl
Introduction: In Fagopyrum esculentum Moench (common buckwheat) inadequate number of À owers set 
seeds leading to lower yield than expected. To improve its productivity we used several plant growth bio-
stimulants (PGB) whose positive effect on reproductive growth has earlier been proved (Khan et al. 2014). 
Methods: The number of À owers and unripe seeds/plant were counted in two cultivars (‘Kora’ and 
‘Panda’) treated with six PGB (50 mg dm-3 NAA, 100 mg dm-3 GA3, 50 mg dm
-3 BAP, 10 mg dm-3 NaCl, 
290 mg dm-3 putrescine, 100 mg dm-3 cysteine) and two commercial products (0.3 cm3 dm-3 TYTANIT 
and 1 cm3 dm-3 ASAHI SL) four weeks since spraying. Embryological slides for ovule analysis were 
done with paraf¿ n method and stained with Heidenhain’s  hematoxylin combined with alcian blue. Pol-
len viability (stainability) was assessed using Alexander dyes (Sáomka et al. 2012). The number of ripe 
seeds/plant was counted after 3 months since sowing. 
Results: Three (NAA, NaCl, TYTANIT) exogenously applied substances statistically enhanced À ower 
production in ‘Kora’, while ¿ ve of them (BAP, NAA, GA3, cysteine, TYTANIT) inÀ uenced higher amo-
unt of unripe seeds production. In ‘Panda’ only after cysteine treatment plant produced higher number of 
À owers and no substance had positive effect on the number of unripe seeds. These were not correlated 
with ultimate higher seed set since À ower abortion was even higher after treatments (68-84%, depen-
dently on the substance) as compared to the control (63%) in ‘Kora’ and comparable (77-84% vs. 79%) 
in ‘Panda’. Such low frequency of mature seed set was not due to reduced pollen viability as it was very 
high (> 98%). The degeneration of mature embryo sacs, mainly synergids, and early abortion of the 
embryos are responsible for that. 
Conclusions: PGB and commercial products did not improved seed set by the decreasing the number of 
defective embryo sacs. The low productivity of buckwheat is due to long À owering period and compe-
tition for resources between À owers and seeds.
Acknowledgements: The study was ¿ nancially supported by the Polish Ministry of Agriculture and 
Rural Development (project No. HORhn 078/PB/34/14).
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introgression forms under abiotic and biotic stress conditions
*A. Augustyniak, *D. Perlikowski, **E. Pociecha, ***M. Dziurka,**A. PáaĪek, **M. Rapacz, *A. Kosmala
* Institute of Plant Genetics, PAS, Strzeszynska 34, 60-479 Poznan, Poland.** University of Agriculture in Cra-
cow, Podluzna 3, 30-239 Cracow, Poland.*** The Franciszek Górski Institute of Plant  Physiology, PAS, Niezapo-
minajek 21, 30-239 Cracow, Poland.
Introduction: Lolium multiÀ orum (Italian ryegrass) possesses high forage quality but low tolerance to 
abiotic and biotic stresses. Festuca arundinacea (tall fescue) expresses higher winter-hardiness, drought 
tolerance and resistance to diseases. The hybrids of both species and their introgression derivatives com-
bine their complementary attributes. In the research presented here the BC5 L. multiÀ orum/F. arundina-
cea introgression forms were evaluated with respect to the level of winter-hardiness, drought tolerance, 
frost tolerance, resistance to diseases, including Microdochium nivale, and physiological parameters 
during cold acclimation. 
Methods: The selection of plants tolerant to drought was performed in the simulated ¿ eld conditions un-
der ‘rain-out’ shelters (2013-2014) and for winter-hardiness in the natural ¿ eld conditions (2014/2015) 
at Danko Plant Breeding Ltd., in Szelejewo, Poland (Perlikowski et al. 2014). The plant frost tolerance 
and changes in physiological parameters (electrolyte leakage, chlorophyll À uorescence, gas exchange) 
during cold acclimation were evaluated according to Larsen (1978) and  Kosmala (2012), respectively. 
The plant resistance to diseases (e.g. Puccinia coronata, Bipolaris sorokiniana, Erysiphe graminis, M. 
nivale) was estimated as described by ProĔczuk and ProĔczuk (1987).
Results and Conclusions: Among the analyzed plants a wide range of diversity with respect to their 
drought tolerance, was observed. The forms with a relatively high tolerance to water de¿ cit conditions 
and high re-growth ability after re-waterning, were selected. These genotypes revealed also a high re-
sistance to diseases in the ¿ eld conditions, and a wide range of diversity with respect to their resistan-
ce to M. nivale, after inoculation. The potential of winter-hardiness among the analyzed introgression 
forms was also very different, however, the more winter-hardy genotypes in the ¿ eld conditions reve-
aled also higher frost tolerance in the simulated laboratory conditions. It was demonstrated that the L. 
multiÀ orum/F. arundinacea introgression forms are excellent plant materials to perform the research 
on molecular mechanisms of stress resistance in forage grasses and to dissect this complex trait into its 
different components in different genotypes. 
Acknowledgements: The research was performed within a project funded by the Polish Ministry of 
Agriculture and Rural Development (no. 35; 2014-2015).
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The effects of exposure of calli cells of two wheat varieties 
to silver nanoparticles and silver ions
*A. Barbasz, *B. Kreczmer, **M. Oüwieja
* Institute of Biology, Pedagogical University, PodchorąĪych 2, 30-084 Cracow, Poland, corresponding author: 
anna.barbasz@op.pl
**Jerzy Haber Institute of Catalysis and Surface Chemistry, Polish Academy of Sciences, Niezapominajek 8, 
30-239 Cracow, Poland
Introduction: Silver nanoparticles (AgN) toxicity to numerous strains of bacteria, fungi, viruses and 
algae were indicated. AgN may reduce the plant growth, photosynthesis, and chlorophyll production. 
Silver ions inhibit the respiratory enzymes and induce the formation of reactive oxygen species which 
further lead to cell membrane damage. The aim of the study was to examine whether highly puri¿ ed, 
stable and well characterized AgN sol or silver ions could modify the metabolism of wheat calli cells.
Methods: AgN sols were prepared using tannic acid as a reducing agent. The size distribution of nano-
particles was obtained from TEM and AFM micrographs. Cell culture were obtained from two genoty-
pes of spring wheat (Triticum aestivum L.) plants: tolerant to oxidative stress (Parabola) and sensitive 
one (Raweta). AgN or AgNO3 were added to culture (MS) media at subsequent concentrations (0 – 60 
ppm). After 24 h of in vitro culture biochemical analyses and microscopic observations were made. 
Activity of antioxidant enzymes (SOD, POX, CAT) and proline content were determined by spectro-
photometric method. 
Results: The size of AgN equals to 17±5 nm with nearly spherical shape. After treatment the morpholo-
gical changes in calli were determined. AgN or silver ions at concentrations equal or higher that 40 ppm 
caused the changes in cell shape, their swelling and cracking. 
The increase of proline content (1,5-fold in comparison to control at the highest silver concentration) 
was noticed. The activity of POX and CAT decreased in both tested cultivars after the AgN and silver 
ions stress. SOD activity was not changed for Parabola whereas for Raweta calli the rise of these enzy-
mes` activity took place (at 40 ppm concentration of silver). 
Conclusions: Obtained results indicate that both AgN or silver ions of 40 and 60 ppm concentrations 
induce oxidative stress. The observed effects of AgN presumably result from the release of silver ions 
from their surface.
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Identi¿ cation of novel, potential freezing tolerance genes in barley 
on the basis of QTL and association mapping
**A. Fiust, * M. Wójcik-Jagáa, * M. Rapacz
* Department of Plant Physiology, University of Agriculture in Krakow, Poland
** corresponding author: bednarczyk.an@gmail.com
Introduction: The diversity arrays technology (DArT) is the genotyping technique based on microar-
ray hybridization or next generation sequencing, which gives it an advantage over the other molecular 
marker systems. Using the (DArT)-based linkage maps as well as the DArT markers selected within as-
sociation mapping gives the opportunity to identify markers that are most related to the trait of interest. 
Analysis of winter barley frost tolerance, expressed as a correlation of presence of DArT marker and a 
better value of one of the parameters of freezing tolerance, was the reason to conduct detailed studies 
of marker sequences. The purpose of the analyzes was to link phenotype to a particular genes and/or 
proteins or signaling pathways. 
Methods: The basis for the research were two linkage maps of barley supplemented with the results of 
association mapping project, with QTLs for frost resistance and winter hardiness located. In the analy-
sis the most important bioinformatics tools were used to identify the homology of molecular markers 
sequences to the potential genes and proteins involved in frost resistance. The following algorithms and 
data bases were used: NCBI BLAST, ViroBLAST and GeneBank. Additionally the deep characteristic 
of the proteins predicted from the sequences was conducted with the following databases: UniProtKB/
Swiss-Prot, Gramene, Pfam, IPR. 
Results: As a result, the sequences with a high level of identity to DArT markers sequences (more than 
90%) were obtained whereas the coverage of those sequences was more than 50%. The homology was 
observed mainly for barley, wheat, maize and rice species. In addition four of analyzed sequences were 
characterized to predict potential protein structure and biological function of expected product. 
Conclusions: It may be concluded that molecular markers sequences associated with frost resistance 
and winter hardiness may be successfully used in identi¿ cation the new potential genes associated with 
freezing tolerance in plants. 
References:
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The impact of soil drought on the content of selected chemical compounds 
in seeds of legume plants
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A. Nowakowska, A. Noga
The F. Górski Institute of Plant Physiology Polish Academy of  Sciences, Niezapominajek 21, 30-239 Kraków
*corresponding author: k.juzon@ifr-pan.edu.pl  
Introduction: In the last years drought has become in Poland one of the main cause of crop yield re-
duction. Water stress induces many biochemical and physiological changes in plants. In legume plants 
soil drought affects the quality of seeds by changing the protein and antinutritional substances, including 
phenolic compounds.
Methods: Pea, yellow lupine and faba bean in the phase of 5 – 6 leaves were grown at 70% ¿ eld water 
capacity (FWC) as a control and at 25% FWC under drought. After two weeks of drought plants were 
watered to 70% FWC. In the dry seeds the content of soluble proteins (Bradford, 1976), phenolics 
(Singleton and Rossi, 1965), proline (Ting and Rouseff, 1979), sugars (Dubois et al., 1956), poliamines 
(Witzell et al., 2005) and antioxidant activity (Moure et al., 2001) were measured.
Results: In the seeds of all tested species soil drought reduced content of polyamines (ca. 37%) and 
antioxidants (ca. 8%). Besides that drought caused: the decrease of protein (17%) and sugars (14%) con-
tents in yellow lupine, the increase of phenolics (8%) and proline (32%) in faba bean, and the increase 
of proline (21%) in pea. The other chemical compounds did not show any signi¿ cant changes caused 
by soil drought.
Conclusions: Water stress causes the oxidative stress and leads to the change in the chemical compo-
sition of the legumes seeds. 
Acknowledgments: Research funded by grant 621/N-COST/ 09/2010/0
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and mature diaspores of Antarctic vascular plants?
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Introduction: Water soluble carbohydrates comprise small part of storage reserves in mature seeds, 
but they play an important role in many processes crucial for seeds, for example during acquisition of 
dehydration tolerance. Such sugars as sucrose, raf¿ nose family oligosaccharides (RFO) and galactosyl 
cyclitols are osmoprotectants accumulated during desiccation in maturing seeds. The aim of this study 
was to determine the composition and content of soluble carbohydrates in maturing diaspores of three 
vascular plants growing in the Antarctic. 
Methods: Two the among analysed species, Colobanthus quitensis (Caryophyllaceae) and Deschampsia 
antarctica (Poaceae), are native plants to the Antarctic. The third one, cosmopolitan P. annua (Poaceae) 
is alien species in the Antarctic. Seeds the above species were collected at three developmental stages: 
1 - terminated cell divisions in the embryo, 2 - intensive accumulation of storage materials in the seeds 
and 3 - mature seeds. The analysis of soluble carbohydrates in seeds was conducted by means of high 
gas chromatography method described by Lahuta (2006).
Results: Mature diaspores of Antarctic vascular plants contained glucose, fructose, maltose, sucrose, 
raf¿ nose, myo-inositol and galactinol. Additionally, stachyose and 1-kestose were found in D. antarctica 
and P. annua caryopses and D-ononitol and D-pinitol in C. quitensis seeds. The predominant soluble 
carbohydrate in all studied seeds was sucrose. Concentration of the majority of identi¿ ed soluble car-
bohydrates gradually decreased during seed maturation in examined species. In the same time only ga-
lactinol level in Poaceae species and RFO levels in all three species increased. However, the ¿ nal amo-
unt of these compounds in the mature diaspores was very small. Moreover, in C. quitensis seeds, despite 
the presence of cyclitols, the accumulation of their alfa-D-galactoside derivatives was not observed. 
Conclusions: Absence of the galactosyl cyclitols and low concentration of RFO in mature diaspo-
res indicates that mentioned sugars do not play essential role in seeds of investigated species during 
acquisition of desiccation tolerance. However, some protective properties may have sucrose, the predo-
minant soluble carbohydrate in all examined species. 
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Introduction: Algae contain multiple organic compounds, so more often cultured on an industrial scale 
for example cosmetic, food and pharmaceutical, but also for the production of biofuels and energy. Most 
species of algae contains between 20 and 50% oil in a biomass (Chisti, 2007). One of the probable stress 
factors during the cultivation of algae is the temperature, which affects the growth rate and chemical 
composition of biomass and physiological properties of the cells (Kalacheva et al., 2002). Algae were 
considered as a potential material for the production of biofuels, however, they shall contain a minimum 
of unsaturated fatty acids. Therefore, the increase growth temperature in vascular plants reduces the 
content of unsaturated fatty acids, it was decided to see how increasing the temperature of the Botryo-
coccus braunii culture affect the fatty acid composition and selected physiological parameters.
Methods: B. braunii cultures were performed at different temperatures in bioreactors on white light. 
Biomass growth was measured by weight, photochemical ef¿ ciency of PSII by À uorescence of chloro-
phyll a, changes in À uorescence emission spectra spectroÀ uorimetrically while chemical composition of 
biomass using FT-Raman spectroscopy and gas chromatography.
Results: Increasing the temperature from 25°C to 32°C and 35°C turned out to be lethal temperature for 
cultures. Thus the temperature which the culture can be carried on is 30°C. The parameter Fv/Fm was 
the same in cells from 25°C and 30°C, but signi¿ cantly lower at 32°C and 35°C. Fluorescence emission 
spectra showed signi¿ cant differences between the cells grew under different temperatures and we sug-
gest to use this method to evaluate the physiological condition of the algae cultures. Analysis of the fatty 
acid composition of biomass B. braunii showed that increasing the temperature of culture decreased the 
content of unsaturated fatty acids as compared to 25°C. However, the difference was small and in ad-
dition there was a decrease in the content of oleic acid, which is essential in the production of biofuels.
Conclusions: According to our observations temperatures for B. braunii cultures can be divided into 
four ranges: suboptimal (18°C – 20°C ), optimal (23°C – 30°C), supraoptimal (32°C) and lethal (33°C 
– 35°C). 
References: 
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Introduction: Low tolerance of winter barley (Hordeum vulgare L.) to freezing temperatures and su-
mmer drought are important agronomic traits affecting crop yield and its quality. One of the biotechno-
logical tools currently used for crop improvement is the doubled haploid (DH) technology. Moreover, 
its incorporation into breeding programmes shorten the production of pure, totally homozygous lines 
to a single generation. In the study, one of the DH production methods, anther culture, have been used 
to increase the range of tolerance to both, freezing and drought stress factors in winter barley breeding 
material.  
Methods: Anther culture method has been based on procedures described by Jacquard et al. (2003) and 
Cistué et al. (2003) optimized for studied plant material. Received progeny was analyzed in respect of 
freezing and drought tolerance with the use of plant survival analysis and the measurements of chloro-
phyll-a À uorescence, leaf water content and osmotic potential. 
Results: Optimization of the anther culture protocol resulted in effective production of  DH progeny. 
Received DH lines were highly diversi¿ ed in respect of freezing and drought tolerance. 
Conclusions: Results indicate that haplodiploidization technique could be used for increasing the range 
of stress tolerance in winter barley. Selected, highly diversi¿ ed DH lines could be used as the models for 
studying the molecular and physiological background of stress tolerance.
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Introduction: In the environment, the most frequently studied abiotic factors are low and high tem-
perature, excess water and drought (Bohnert et al. 1995). These factors change intensity of metabolic 
processes, contain information about the surrounding environment and are allowed to acclimatization to 
the existing conditions (Whitelam and Johnson 1982).
Methods: Mosses Mnium undulatum and Polytrichum commune were acclimated during one month at 
25°C/18°C (day/night); light intensity 200 ȝmolÂm-2Âs-1; relative humidity 80-90%. After that the impact 
of temperatures 20, 24, 28°C on gametophytes metabolic activity during dehydration and rehydration 
were measured. Measurements of metabolic activity of plants were carried out by using an isothermal 
calorimeter according to method described by Skoczowski et al. (2010). 
Results: The changes in heat emission (metabolic activity) for both mosses has a similar shape. During 
dehydratation has shown a decline in the metabolic activity. The similar changes were observed in terms 
of rehydration. However, the heat emission took signi¿ cantly higher values in dehydration as compared 
to rehydratation process. M. undulatum showed smaller values of heat emission in each temperatures 
both in de- and rehydration as compared to the P. commune. The values of the heat energy for M. undu-
latum, grow linearly with increasing temperature, and were highest at 28°C. However, in P. commune, 
the highest values of metabolic energy were observed at 24°C as compared to 20oC and 28oC in both, 
dehydration and rehydration, conditions.
Conclusion: The optimum temperature for the metabolic activity of mosses during dehydration and 
rehydration, was 20°C for M. undulatum and 24°C for P. commune. However, regardless of the tem-
perature, rehydration is not restored metabolic activity gametophytes showed that before and during 
dehydration.
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and plants dependently on the light intensity
A. Noga, E. Skrzypek, I. MarciĔska,  I. Czyczyáo-Mysza, M. Warchoá, K. Dziurka, K. JuzoĔ
The Franciszek Górski Institute of Plant Physiology Polish Academy of Sciences, Niezapominajek 21, 30-239 
Cracow, Poland; corresponding author: a.noga@ifr-pan.edu.pl
Introduction: Plants are exposed to a number of unfavorable factors (cold, drought, excess light, etc.), 
generally referred as environmental stress. Environmental stresses can disturb the physiological pro-
cesses in plants and consequently limit their growth and yield. The process of photosynthesis is partic-
ularly sensitive to many stress factors. The energy source for photosynthesis is light, which is essential 
not only for that process, but also for plant growth and development (Chen at al. 2004, Chang at al. 
2014). This report presents the inÀ uence of light intensity on oat haploid embryos induction, germina-
tion, development and subsequent regeneration of haploid and doubled haploid (DH) plants.
Methods: Thirty two oat genotypes (F1 progeny) were used for induction of haploid embryos by wide 
crossing method (pollination with maize) as described by MarciĔska et al. (2013). One group of donor 
plants were grown in a greenhouse at the temperature of 21/18ºC (day/night) under natural (solar) light 
conditions. Second group of donor plants were grown in insulated growth chamber, at the temperature of 
21/18ºC (day/night) under the arti¿ cial light source (sodium lamps, 250 mol (photon)·m2·s-1). Isolated 
haploid embryos of oat were cultured in the four light intensities: 15-30, 31-50, 52-90 and 94-135mol 
(photon)·m2·s-1 to develop into plants. Effectiveness of embryos germination and development under all 
light conditions were observed.
Results: The applied oat wide crossing method was effective in obtaining of haploid and DH plants. 
Greater induction of haploid embryos (ca. 20-60%) were observed when donor plants were grown in 
greenhouse conditions, with natural sunlight, instead of insulated growth chamber with arti¿ cial sodi-
um light. Light intensity affected not only the induction of haploid embryos, but also their germination 
and further growth of haploid and DH plants. The most effective in these processes (ca. 30%) was light 
intensity 94-135 mol (photon)·m2·s-1 in comparison to the lowest light intensity. Three times more DH 
lines were obtained under the highest light intensity than in the lowest one. Totally 76 DH lines were 
produced from all oat genotypes. 
Conclusions: Effectiveness of oat haploid embryos induction and development depends on the light 
source and its intensity, both, during donor plants vegetation and in vitro culture. 
References:
Chang C. L., Hong G. F., Ying- Li L. 2014. A supplementary lighting and regulatory scheme using a multi-wave-
lenght light emitting diode module for greenhouse application. Lighting Res. Technol. 46: 548-566.
Chen M., Chory J., Fankhauser C. 2004. Light signal transduction in higher plants. Annu. Rev. Genet. 38: 87-117.
MarciĔska I., Nowakowska A., Skrzypek E., Czyczyáo-Mysza I. 2013. Production of double haploids in oat (Avena 
sativa L.) by pollination with maize (Zea mays L.) Central European Journal of Biology, 8 (3): 306-313.
Acknowledgements: The research was supported by the Ministry of Agriculture and Rural Develop-
ment, project no HOR hn-801-4/12.
Acta Physiol Plant (2016) 38:17 Page 47 of 124 17
POSTERS – YOUNG SCIENTISTS COMPETITION
48
The genome size variation of 'DXFXVFDURWD L. (Apiaceae) 
is linked to ecogeographical origin
*A. Nowicka, **E. Sliwinska, ***D. Grzebelus, ***E. Grzebelus
*Department of Cell Biology, The Franciszek Gorski Institute of Plant Physiology, Polish Academy of Sciences, 
Krakow, Poland
**Department of Genetics, Physiology and Biotechnology, UTP University of Science and Technology, Byd-
goszcz, Poland 
***Institute of Plant Biology and Biotechnology, University of Agriculture in Krakow, Poland
corresponding author: a.nowicka@ifr-pan.edu.pl
Introduction: Genome size variation in plants is thought to correlate with ecological characters. How-
ever, conclusions drawn in several studies were often contradictory. Daucus carota L. (2n=18) includes 
near 20 identi¿ ed subspecies, which occur on almost every continent. Both cultivated (Daucus carota 
subsp. sativus [Hoffm.]) and wild (other subspecies of D. carota) forms are described within the species. 
The aim of the present study was to estimate the genome size variability in the collection of cultivated 
and wild carrots originated from various regions of the world and representing different climatic zones. 
Methods: In total, we measured 2C-values in 26 cultivated and 10 wild accessions of Daucus carota 
L. by Àow cytometry (CyFlow [Partec GmbH, Münster, Germany]) using propidium iodide for DNA 
staining. 
Results: The 2C DNA contents ranged between 0.950 pg (cv. ‘Kuroda type II’, China; cv. ‘Imperial 
Long Scarlet’, Japan; cv. ‘Koral’, Poland) and 0.977 pg (cv. ‘Cape Market’, South Africa), which rep-
resents a difference of near 5%. The genome size differences in wild subspecies of D. carota were more 
pronounced. The values from 0.920 pg/2C in subsp. maximus (Spain) to 0.989 pg/2C for subsp. carota 
(Spain) were observed (a difference of almost 7%). 
Conclusions: Correlations of intraspeci¿c genome size variation with the ecogeographical origin were 
found: cultivated and wild accessions of carrots from cooler or topical areas tend to have larger genomes 
as compared to accessions from temperate climate zone.
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Introduction: Various species of Aesculus are attacked by of Cameraria ohridella, which damages le-
aves and loss of their aesthetic values. It was observed that members of genus Aesculus are characterized 
by diverse susceptibility to C. ohridella. In order to clarify the causes of these differences we examined 
the individual of susceptible to this leaf miner Aesculus turbinata and individual of Aesculus × neglecta, 
which is resistant to the pest. In leaves of these trees we determined the levels of substances, which may 
be responsible for biochemical relationships between the pest and its host plant.
Methods: The individuals of examined Aesculus species grow in the Botanical Garden of Adam Mic-
kiewicz University. Fully developed leaves were harvested every 14 day in two growing season (2011, 
2012) and used to estimate the levels of anthocyanins (Wang et al. 2000), phenols (Swain and Hillis 
1959), carbohydrates (Luo and Huang 2011) and pro¿ le of volatile compounds by GC-MS (Sermakkani 
and Thangapandian 2012).
Results: Susceptible to the pest Ae. turbinata had higher level of anthocyanins and carbohydrates than 
resistant Ae. × neglecta. The level of phenols was higher in Ae. turbinata and increased during feeding. 
It was shown 99 volatiles compounds in leaves Ae. × neglecta  and 76 in leaves of Ae. turbinata. Only 
46 of these volatiles occur in both trees. 
Conclusions: The obtained results revealed that anthocyanins and carbohydrates level are the traits 
which may favor oviposition and feeding of C. ohridella on Ae. turbinata individual. However, much 
richer pro¿ le of volatile compounds in resistant tree may indicate their deterrent effect against the pest. 
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Introduction: Lolium multiÀ orum (Italian ryegrass) possesses high forage quality but low stress to-
lerance. Festuca arundinacea (tall fescue) expresses higher tolerance to abiotic stresses, especially to 
drought. The hybrids of both species and their introgression derivatives combine their complementary 
attributes and are excellent plant materials to perform the research on molecular mechanisms of drought 
tolerance in forage grasses. Adaptation to drought conditions triggers a cascade of reactions associated 
with a lipid composition and stability of cell membranes.
Methods: Plant material included two BC4 L. multiÀ orum/F.arundinacea introgression forms with di-
stinct levels of drought tolerance and different ability to restore membrane integrity after stress con-
ditions (Perlikowski et al. 2014). The plant leaf tissue was collected after 3, 6, and 11 days of drought 
conditions and after 10 days of re-watering. Lipids were extracted by methanol/metyl-tert-butyl-ether/
water mixture (1:2:1) and fractionated on a UPLC system using C8 reversed phase column. Mass spectra 
were acquired using an Exactive mass spectrometer (Thermo-Fisher). Chromatograms were processed 
with Expressionist (ver. 8.1 GeneData). Data normalization and statistical analysis were performed with 
the software R (ver.3.0.2) and GenStat (17th Edition).
Results: 124 lipid species were identi¿ ed and classi¿ ed into 11 groups: (i) chloroplast lipids: 5 monoga-
lactosyldiacylglycerols (MDGD), 8 digalactosyldiacylglycerols (DGDG), 1 trigalactosyldiacylglycerol 
(TGDG), 8 sulfoquinovosyldiaglycerols (SQDG), 18 phosphatidylglycerols (PG); (ii) extra-chloroplast 
lipids: 15 phosphatidylcholines (PC), 10 phosphatidylethanoloamines (PE), 12 phosphatidylserines 
(PS), 1  phosphatidylinositol (PI), 36 triacylglicerols (TAG), 5 diacylglycerols (DAG) and 5 Lyso-lipids. 
The performed analysis revealed that the accumulation levels of particular groups of the identi¿ ed lipids 
during drought conditions and after rehydration were different for the two analyzed genotypes, espe-
cially in the case of TAG, PC, PE, PI and DGDG, and corresponded with the physiological parameters 
described earlier by  Perlikowski et al. (2014). 
Conclusions: The obtained results showed that the water de¿ cit stress had a signi¿ cant impact on the 
lipid metabolism in Lolium-Festuca grasses. The observed differences in membrane lipid composition 
under dehydration/rehydration conditions could be crucial for the expression of distinct levels of dro-
ught tolerance of the analyzed introgression genotypes. However, this aspect of the research requires 
further investigations.
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Introduction: Plants grown with ammonium (NH4Ѐ) as their sole nitrogen source experience growth 
inhibition - a condition known as ‘ammonium syndrome’. Ammonium nourishment of plants results in 
a redox imbalance leading to increased intracellular reactive oxygen species (ROS) production, causing 
oxidative stress. The higher intracellular NAD(P)H level in NH4Ѐ-fed plants (Podgórska et al. 2013), 
which is the substrate for the respiratory burst oxidase homolog (RBOH), can modify enzyme activity 
and might trigger increased O2
ǜ- generation on the apoplastic side. It is known that apoplastic ROS pro-
duction in response to environmental stress factors is a prominent signalling mechanism. On the other 
hand the accumulation of ROS can modify cell wall components and directly regulate plant growth.
The purpose of this study was to analyse ROS metabolism in the apoplast of NH4Ѐ-grown Arabidopsis.
Methods: Arabidopsis thaliana (ecotype Col-0) plants were grown hydroponically for 8 weeks on 5mM 
NO3
- or 5mM NH4Ѐ as the sole nitrogen source. Moreover, transformed suppressor lines for the isozymes 
RBOHD (salk_109396c; salk_035391c) and RBOHF (salk_034674c; salk_057041c) were utilized in 
these studies.
ROS localization was performed using transmission electron microscopy, in situ H2O2 detection was 
achieved using DAB-staining and the H2O2 content in leaf tissues was measured. The levels of reduced 
and oxidised ascorbate was quanti¿ ed in extracellular washing À uid. The activity of ascorbate oxidase 
was measured.
Results: During long-term NH4Ѐ nutrition plants show an increased foliar ROS content. Excess H2O2 
levels were identi¿ ed in the extracellular space of NH4Ѐ-grown plants. As a consequence, apoplastic 
ascorbate as the main low-mass antioxidant showed a strongly oxidised state. The activity of ascorbate 
oxidase was not signi¿ cantly lower in NH4Ѐ-grown plants.
Conclusions: Altered ROS metabolism in the apoplast (increased ROS and dehydroascorbate levels) 
might trigger growth retardation of plants in response to NH4Ѐ-nourishment. 
References: 
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ER- bodies have been for the ¿ rst time described in root epidermal and cortical cells of Raphanus sativus 
by H.T. Bonnett and E.H.Newcomb as local dilations of granular endoplasmic reticulum cisterns (GER). 
Later, it was shown that ER-bodies are characteristic for other species of the family Brassicaceae, 
e.g. Arabidopsis thaliana, Caparis spinosa, Cleome spinosa, Sinapis alba, Thlaspi arvense producing 
glucosinolates (ȕ-thioglucoside-N-hydroxysulfates) and other sulfur-containing secondary metabolites. 
Identi¿ cation of the enzyme ȕ-glucosidase (EC 3.2.1.21) as the major protein component in ER-bodies 
attracted a heightened interest to study their formation and function in plant cells. Now, it is known, that 
A. thaliana genome encodes 47 ȕ-glucosidases, which are grouped into ten subfamilies.
Recently, it was shown that ER-bodies in A. thaliana root cap statocytes, epidermal and cortical cells of 
the root distal elongation zone are sensitive to slow horizontal clinorotation (2 rev/min) by using elec-
tron microscopy and biochemical methods.
It was suggested an opportunity to utilize A. thaliana as a biodosimeter by tracking the physical changes 
of irradiated species over time. In this connection, we performed the study of ER-bodies in roots of A. 
thaliana seedlings irradiated by X-rays in doses 0.5 Gy, and 8.0 Gy on the X-apparatus RYM-17 with a 
dose rate 0.43 cGy/sec (Russia). As under clinorotation, ER-body number and area per cell in the distal 
elongation zone grew with radiation dose increasing. It was also established by using PCR that ȕ-gluco-
sidase gene expression rose under clinorotation and X-irradiation in comparison with control, especially 
under increased term of clinorotation and irradiation dose. 
All together these data, it may be suggested that the detected behaviour of ER-bodies under clinorotation 
and X–irradiation con¿ rm a general rule for intensi¿ cation of catabolic processes in cells in response to 
the inÀ uence of unfavourable factors, that provides organism resistance and adaptation, as ȕ-glucosidase 
belongs to hydrolases (EC 3.2). 
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Introduction: Under natural conditions growth of plant takes place in the soil solution with extremely diffe-
rent chemical compositions (both in view of the composition and concentrations of inorganic and organic). 
Particularly relevant to the processes of growth seems to be the presence of organic substances in the soil. 
This impact depends on the allelopathic potential contained in the soil chemical connections (Troü, 2009).
The aim of the study was to compare the course selected metabolic processes occurring in mustard 
seedlings growing on distilled water and plant extracts, which imitate “soil solutions” with different 
composition (allelopathic potential).
Methods: Mustard seeds were germinated on water for 24 h. Then ¿ ve morphologically similar seedlin-
gs were grown on herbal extracts (arnica, ribwort, hypericum, milfoil, sage, sunÀ ower) and water as a 
control for 24h. Electrolyte leakage was measured by conductometry. Heat production during grown 
of seedlings was measured by isothermal calorimetry. Changes in chemical composition of seedlings, 
caused by herbal extracts, were measured by FT – Raman Spectroscopy. The signi¿ cances in spectra of 
seedlings chemical composition ware analyzed by Cluster Analysis.
Results: Extracts from sunÀ ower, arnica and ribwort signi¿ cantly increase, and from hypericum redu-
ces the permeability of cell membranes of mustard seedlings compared to the control. The heat produc-
tion during grown of mustard seedlings depends extracts. Curve obtained during growth on water can be 
interpolated to a parabola, while on the extracts can be distinguished two or three areas. The occurrence 
of endothermic effect was observed during growth on extracts from arnica (Troü, 2011). The amount of 
heat energy which is absorbed from the environment during the growth of mustard seedlings assumes 
the largest value for the growth on the arnica extract and lowest for the extract of sage. On FT – Raman 
spectra were observed bands at the following wavelengths: 1654 cm-1, 1302 cm-1 and 1632 cm-1, 1264 
cm-1, derived from saturated and unsaturated fatty acids. Another 1593 cm-1 indicates the presence of 
À avonoid compounds. Three small band at 1515, 1151, 1005 cm-1 are characteristic for carotenoids. The 
band 1117 cm-1 informs the presence of cellulose, and the bands 975 and 850 cm-1 indicate the polysac-
charides and pectin (Skoczowski, 2011).
Conclusions: InÀ uence on the metabolism of mustard seedlings is different and depends on herbal 
extracts.
References: 
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Introduction: Mineral de¿ ciency in plants are often diagnosed in noninvasive manner by monitoring 
the visible symptoms appear on plants or by invasive methods such as chemical analysis. The former 
method is not precise and the latter is time consuming and relatively costly. Chlorophyll À uorescence 
is noninvasive and quick method which allows to study and monitor plant nutrition status in very short 
time (1 second) at low-cost (Kalaji et al. 2014). In this study, chlorophyll À uorescence technique was 
exploited to understand the changes of the photosynthetic apparatus of radish plants grown under ma-
gnesium de¿ ciency conditions. 
Methods: Measurements of chlorophyll À uorescence signals was carried out on radish plants (Rapha-
nus sativus L.) using HandyPEA (Hansatech Instruments, UK), every two days. The two tested varieties 
(Fluo and Suntella) grew in phytotron under either optimal mineral nutrition or magnesium de¿ ciency 
conditions. Obtained results were analyzed using statistical methods and OJIP test developed by Reto 
Strasser (Genève University, Switzerland) (Strasser et al. 2000). Results are shown as percent of  control 
(Carpet Plot).
Results: Chlorophyll À uorescence transient induction curves (OJIP) and carpet plots showed a shift of 
some measured parameters under magnesium de¿ ciency directly after stressor application and before 
visual symptoms appeared. Performance index (PI), which is related to the vitality of photosystem II 
(PSII), seemed to be one of the most sensitive parameters under magnesium de¿ ciency.  
Conclusions: Our experimental results suggest that, such measurements can be used for early nutrient 
de¿ ciency detection in radish plants.
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A guarantee of correct plant sexual reproduction is a proper male and female gametophyte development 
along with pollination, fertilization and embryogenesis leading to mature seeds production. In the life 
cycle of Angiospermae, an embryo sac represents the female gametophyte while pollen grains are the 
male gametophyte. Both embryo sac and mature pollen grains development is strictly controlled by phy-
siological events based on phytohormones action. Gibberellic acid (GA) is one of the plant hormones 
stimulating their transition from vegetative to À owering stage, determining sex expression and pollen 
grains as well as stimulating seed germination along with interaction of different environmental factors 
viz., light, temperature and water (Gupta and Chakrabarty 2013). 
Stevia rebaudiana Bertoni is a perennial shrub of the Asteraceae family originated from South America 
(Paraguay), which is nowadays dispersed all over the globe. It is mostly known as a species which ac-
cumulates diterpene compounds, named steviol glycosides (SVglys), in its leaves (Karimi et al., 2014). 
Although SVglys are sweeter than sucrose (Yadav et al., 2011), they are not caloric because of different 
metabolism in human (Gregersen et al., 2004), which makes them suitable as sweeteners, especially for 
diabetic patients.
Traditional cultivation of Stevia rebaudiana is limited due to dif¿ culties of plants propagation, since 
seeds germination is very poor and seedlings are very dif¿ cult to achieve. We hypothesize that troubles 
with sexual reproduction in S. rebaudiana might be caused by the unsuitable level of GA. It must be 
underlined that SVglys biosynthetic pathway shares some common points with GA formation (Brandle 
and Telmer 2007).
The aim of our studies was to investigate the individual stages of male and female gametophyte develop-
ment, in correlation with SVglys and GA endogenous level assessment, in order to verify our hypothesis. 
Although our results show the proper way of stevia male and female gametophyte development and high 
viability of mature pollen grains (96%), some dif¿ culties in seed development are still observed. After 
several experiments we stated strong recalcitrance of pollen grains germination, which in our opinion 
could be connected with low level of endogenous GA in favour of SVglys. 
Acknowledgment: This study was supported in part by the National Center of Science (no 2013/09/N/
NZ9/01650).
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Introduction: Manganese, the microelement important for plant metabolism, when is accumulated at 
higher doses, may act as the stress factor. This last effect is not full recognized and is currently inten-
sively studied. The inÀ uence of manganese on the physiological and biochemical properties of cells of 
wheat genotypes was studied. 
Methods: The experiments were performed for calli cells obtained from 2 genotypes of spring wheat 
plants: tolerant (Parabola) and sensitive (Raweta) to oxidative stress. Manganese (MnSO4) was intro-
duced to Murashige-Skooge media at 0 (control), 200 - 800 M and 1 - 3 mM concentrations. The 
physiological parameters such as changes of mass of calli and microscopic observation of cells after 7 
days of Mn treatment were used as an indication of stress intensity. The analysis of lipid peroxidation 
(MDA), proline content and antioxidative enzymes activities served to biochemical characterization of 
Mn action. 
Results: Up to 1 mM level of Mn in culture media stimulated growth of the mass of calli of both geno-
types. Cells of tolerant wheat calli cultured at higher manganese doses (to 2 mM) indicated microscopi-
cally visible changes observed as a partial loss of plasmalemma integrity whereas for sensitive plants 
such changes were detected already at smaller Mn doses. Manganese ions accumulation correlated with 
an increase of MDA content, proline synthesis and enzymes activity.
Conclusions: Changes of analyzed biochemical parameters may suggest that oxidative stress was 
involved in the mechanism of stress, induced by excess of Mn ions in growth media. It was indicated 
that the genotype more tolerant to oxidative stress reacted to higher Mn doses than sensitive one.
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Introduction: The analyses of plant metabolome might be an important and useful approaches for 
understanding the plants’ response and resistance to environmental stresses (Arbona et al. 2013). The 
study has tried to characterize how pea seedlings adjust their metabolism to survive desiccation stress.
Methods: The effect of desiccation stress on polar metabolites in 7-day-old pea seedlings was studied. 
Pea seedlings were desiccated above the saturated solution of LiCl (12% RH) for 7 days. Metabolites 
were analysed separately in cotyledons, epicotyls and roots. Separation and identi¿ cation of polar meta-
bolites were carried out by gas chromatography coupled with mass spectrometry. Identi¿ cation of polar 
metabolites was done using mass spectral library (NIST0.5) and original standards.
Results: There were 44 identi¿ ed metabolites which can be classi¿ ed into 4 groups of polar metabolites: 
carbohydrates, amino acids, organic acids and others.  The dominated metabolites were: homoserine, 
glucose, sucrose, citric acid and phosphoric acid. The most signi¿ cant changes in the tissues of roots and 
epicotyls in response to desiccation stress were observed. These tissues accumulated mainly carbohy-
drates: sucrose and raf¿ nose and amino acid proline. There were no changes in the content of organic 
acids. The abundance of the polar metabolites in the tissues of cotyledons remained unchanged under 
desiccation stress condition.
Conclusions: Desiccation stress indicated qualitative changes in the content of polar metabolites in the 
tissues of pea seedlings. The most signi¿ cant changes in the content of carbohydrates and amino acids 
were affected. Increased level of some polar metabolites may indicate them as a metabolic markers of 
pea seedlings’ response to desiccation stress.
References: 
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Introduction: Cultivation using ammonium (NH4Ѐ) as the sole nitrogen source for many plants leads 
to severe growth disorders known as ‘ammonium syndrome’. Ammonium-based nutrition affects plant 
metabolism in a manner that leads to an intercellular redox imbalance; meanwhile a surplus of reductants 
was expected in the cytosol and chloroplasts. One possibility to relieve the overreduction of chloroplasts 
is the export of  reductants to the cytosol via the malate-oxaloacetate valve involving NADPЀ-dependent 
malate dehydrogenase (NADPЀ-MDH) activity. The purpose of this study was to analyse A. thaliana 
NADPЀ-MDH insertion mutants. 
Methods: Arabidopsis thaliana (ecotype Col-0 and NADPЀ-MDH insertion mutants) plants were grown 
hydroponically for 8 weeks on 5mM NO3
- or 5mM NH4Ѐ as the sole nitrogen source. Experiments were 
performed on leaf extracts and isolated chloroplasts. Malate dehydrogenase activity and concentration 
of NADP+ and NADPH was assayed spectrophotometrically according to Szal et al. (2008). Protein le-
vel of Fd-GOGAT, glutathione reductase (GR) and different ascorbate peroxidase (APX) isoforms were 
determined by Western-Blot. The expression of genes that are speci¿ c markers for a disturbed redox ho-
meostasis in chloroplasts (according to Van Aken and Whelan 2012) were measured with real-time PCR.
Results: Rosettes of WT and mutant plants cultured on NH4Ѐ showed severe growth inhibition compa-
red to plants grown on NO3
-. A mutation in the chloroplast NADPЀ-MDH does not change the growth 
of Arabidopsis under NH4Ѐ nutrition. However, the redox status in leaves of NADPЀ-MDH mutants is 
altered. 
Conclusions: Ammonium nutrition induces a cellular redox imbalance, which can lead to oxidative 
stress in Arabidopsis leaf tissues. Our results indicate that the activity of NADPЀ-MDH does not play 
a major role in terms of ammonium toxicity. 
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Introduction: Plant snow mould caused by the fungus Microdochium nivale is one of the most serious 
diseases of winter cereals, and thus disease management has always been the main objectives of crop 
improvement program. The disease symptoms are result of the penetration of fungal hyphae by stomata 
and later leaf damage the mycelium growing through plant tissues (SzechyĔska-Hebda et al. 2013). 
Based on the plant-pathogen interactions we have developed a fast and cheap method to test the plants 
basic resistance and their potential to induce the active defence during infection. The method has adap-
ted a plate test and combined with analysis of the ef¿ ciency of maximum quantum yield of PSII. 
Methods: Mapping population Hewo x Magnat consisting of 92 doubled haploid (DH) lines was used 
to test plant resistance in hardened and non-hardened plants. A central fragment of the second leaf was 
infected with M. nivale mycelium and incubated in Petri dishes. The visualization of chlorophyll a À u-
orescence was performed with FluorCAM, calculation of the percentage of leaf damage with ImageJ 
2x software. The standard method of plant regeneration after infection was performed as described by 
SzechyĔska-Hebda et al. (2015). The result was used for the correlation analysis of plate test with stan-
dard method and for calculation of the plant resistance index. 
Results: Cold acclimation signi¿ cantly improve plant resistance to M. nivale. The mechanism involved, 
at least, the adjustment of the reactions in the PSII proximity. Although, cold hardening allows to obtain 
transgressive segregation of snow mould resistance during standard method, the better resolution of 
plate test was obtained using the non-hardened plants. The correlation data among chlorophyll a À uore-
scence, the percentage of leaf damage caused by M. nivale and regeneration during standard method was 
statistically signi¿ cant. 
Conclusion: While result of standard test indicates the resistance of infected plant only, our plate test 
provides information on the amount of mycelium per leaf and plant viability during early stage of infec-
tion. Plate test enables to prediction on the resistance during a few days instead few months. Moreover, 
the analysis can be used to determine the level of plant resistance against the particular strain of fungus, 
enable the selection of resistant genotypes from large plant populations and/or testing the different stra-
tegies of plant protection.
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Introduction: Plants in response to contact with a pathogen, have developed defense mechanisms that 
are intended to inhibit infection. The ¿ rst defense reaction consists in increased generation of reactive 
oxygen species (ROS) which may lead to higher antioxidant enzyme activities.
The aim of the study was to determine the changes in activity of superoxide dismutase (SOD), cata-
lase (CAT), guaiacol peroxidase (GPOD), syringaldazine peroxidise (SPOD) and ascorbate peroxidase 
(APX) in Scots pine (Pinus sylvestris) needles infected by the fungal pathogen that causes Lophoder-
mium needle cast.
Methods: The research material consisted of three-year-old Scots pines which were collected from forest 
cultivation in Spaáa Forest District from different types of forest habitats: fresh coniferous forest, fresh 
mixed forest, moist coniferous forest. The infected seedlings (with 25% of infected area) were collected 
14 days after the occurrence of the ¿ rst symptoms of the fungal pathogen infection. Five infected seed-
lings and ¿ ve uninfected ones were collected from each forest cultivation. The control samples were 
represented by needles without signs of infection collected from uninfected seedlings. 
The activities of SOD, CAT, GPOD, SPOD and APX were determined according to the metdods of Be-
auchamp and Fridovich (1971), Dhindsa et al. (1981), Maehly and Chance (1954), Imberty et al. (1985) 
and Nakano and Asada (1981), respectively. 
Results: The SOD activity in the needles was higher in all infected samples comparing to the control. 
Moreover, the higher habitat humidity the greater SOD activity. No statistically signi¿ cant differences in 
the CAT activity between the infected and control needles were found. GPOD, SPOD and APX activities 
increased in the infected needles from every examined forest habitat.
Conclusions: Fungal pathogen infection may cause oxidative stress in Scots pine seedlings resulting in 
increased antioxidant enzyme activity. Increased antioxidant enzyme activity may be involved in initia-
ting defense mechanisms in infected plant cells.
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Introduction: Rye belongs to the group of crop species described as recalcitrant to androgenesis induc-
tion both, in another culture and microspore suspension. Resistance to androgenesis could be caused by 
low ability to counter oxidative stress induced by the procedures of androgenesis induction and in vitro 
culture. Defence ability might be elevated by increased glutathione (GSH) level and reduced/oxidized 
(GSH/GSSG) glutathione redox ratio. GSH helps to scavenge the reactive oxygen species (ROS). In the 
study, several treatments have been used as modulators of microspore antioxidant system activity and 
possible enhancers of androgenesis induction ability.
Results: Tested rye lines differed in both, response to androgenesis induction and total glutathione 
content. Temperature, osmotic and glutathione treatments affected the contents of endogenous GSH and 
oxidized glutathione form (GSSG). GSH content increased in anthers after low temperature treatment, 
while exposure to exogenous GSH or mannitol caused GSH decrease. 
Conclusions: Results indicate that by modifying the level of oxidative stress (temperature and osmotic 
stresses), the recalcitrancy to androgenesis induction in rye could be alleviated. Addition of GSH affec-
ted its endogenous level and probably enhanced the defence ability to the stress induced by low tempe-
rature spikes pre-treatment. Optimal GSH/GSSG redox ratio could stimulate androgenesis in some lines 
of rye, described as recalcitrant to androgenesis. 
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Introduction: The communication between cells, tissues and the environment is very important to 
maintain cellular homeostasis and in regulation of the organisms responses to external stimuli. These 
studies focus on the kinases cascade, a crucial transduction pathway for all Eukaryotes. This cascade 
consists of three levels: MAPKKK-MAPKK-MAPK. MAPKK (mitogen activated protein kinase ki-
nase, MPKK or MKK) are involved in the transduction of various signals in plant cells (Pitzschke et al., 
2009). MAPKK (incl. MKK2) integrate various environmental signals. MKK2 plays a key role in e.g. 
salt, osmotic, cold and plant-pathogen-dependent intracellular signal transduction. 
Methods: Measurements were performed on two distinct lines: SALK and SAIL of Arabidopsis thalina 
mkk2 insertional T-DNA mutants in the Col-0 background. Plants were cultivated in control conditions 
in a chamber at light intensity of 120 ȝmol Â m-2 Â s-1 (LL). In excess light experiments, plants were treat-
ed by excess light stress (EL, light intensity: 1500 ȝmol Â m-2 Â s-1) 30 min and subsequently placed 1h 
in LL conditions (R, recovery).  Fresh weight and size of rosettes were determined. The changes in the 
chlorophyll a À orescence parameters of wild type (WT) and mkk2 mutants were compared. Moreover, 
gas exchange measurements, such as: assimilation of CO2 netto (PN), stomatal conductance (gs) and 
transpiration (E) were determined. 
Results: mkk2 mutant plants (SALK and SAIL lines) showed growth induction and increased biomass 
production. Higher values of selected photosynthetic parameters: PN, gs, E  of mkk2 mutants (SALK line) 
resulted in improved yield. photosystem II (PSII) electron transport rate (ETR (II)) and effective PSII 
quantum yield (Y(II)) in mkk2 plants (SALK line) was improved in comparison to WT 
Conclusions: The results suggest that MKK2 might play a role in optimization of growth and develop-
mental responses in Arabidopsis via photosynthetic activity. 
References:
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Introduction. In the last years, the instability of the climate of Ukraine increased. The modern water re-
gime of Ukraine is characterized by the long periods of drought, which are followed by intense showers, 
as a result of which the normal humidity of the soil is restored.  
Despite of importance to study the effects of drought and subsequent rehydration, the most data on 
Arabidopsis seedlings are obtained by using the methods of water stress, which are the very simpli¿ ed 
imitation of natural drought (Shinozaki and Yamaguchi-Shinozaki, 2007).
Methods.The method for imitation of variable water regime on Arabidopsis was worked out. The seed-
lings were grown under 5-days-long period of slow progressing desiccation stress, followed by the 
3-days-long period of restoration of substrate humidity. Proline concentration was measured according 
to Bates et al., 1973. Gene expression was measured by real-time PCR.
Results. The action of rehydration upon seedlings was studied by the criteria of fresh weight of plants, 
the growth of the main and lateral roots, proline content, the expression of genes, upregulated by the 
acute water stress.  
It was shown that the seedlings retained their viability after 5 days-long period of slow desiccation 
stress.  The seedlings regained their normal growth already at the ¿ rst day after action of rehydration. 
Expression of RD29A, AtP5CS, DREB2A, ERD1, and RD17, as well as proline content, returned to the 
normal level also on the ¿ rst day after action of rehydration.
Conclusions. Slow desiccation stress acts as eustress promoting growth of A.thaliana seedlings.
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Introduction: Plant resistance to drought depends on  activation mechanisms involve in avoidance 
and tolerance dehydration. Proline accumulation is one of the metabolic response to drought, which is 
considered to be involved in both these strategies. ǻ1-pyrolino-5-carboxylate synthetase (P5CS) is a key 
enzyme responsible for proline accumulation under drought. The aim of the study was to evaluate the 
effect of drought on proline accumulation and the expression of P5CS in leaves and roots of two barley 
genotypes:  German ‘Maresi’ and Syrian breeding line CamB1. 
Methods: Plants were grown in soil pot culture in a climatic chamber (65-75% relative humidity; 
20/13°C day/night temperatures; 14/10 h light/dark and 180 ȝmol m-2 s-1 PPFD). Drought was imposed 
at 3-leaf stage by reducing irrigation and soil moisture was kept at the level of 8-6% (pF=3.2) for 10 
days. Soil moisture in control plants was kept at the level of 10-14% (pF=2.2). Leaf and root samples 
were collected after 3, 6 and 10 days of stress  for the determination  water and proline content (Weath-
erly 1950, Bates et al. 1973), activity of P5CS and  P5CS expression. (Rahnama and Ebrahimzadeh 2004 
Schmittgen and Livak 2008). 
Results: 10 days drought caused  gradual decrease of  root and leaf water content as well as the increase 
of proline content and P5CS activity in both genotypes. Highest dehydration, proline accumulation and 
the activity of P5CS in examined organs was found after 10 days of stress. This changes were preceded 
by the increase of P5CS transcript level observed after 6 days of stress. Obtained results reveal that wa-
ter de¿ cit induced P5CS activation is controlled at the transcriptional level.
Acknowledgements: The work was supported by the European Regional Fund through the Innovative 
Economy Program for Poland 2007-2013, project WND-POIG.010301-00-101/108 POLAPGEN-BD 
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Introduction: Alien species are organisms that are non-native to an ecosystemand impact adversely 
upon biodiversity, including decline or elimination of native species, the disruption of ecosystem func-
tions and services. Therefore, there is need for elaboration of the method for an evaluation of viability of 
alien species in order to predict the future rate of invasion in different habitats. We aim to evaluate the 
usefulness of Chla À uorescence method for assessment the viability of Solidago graminifolia in the two 
contrasted habitats: mire vegetation and psammophilous dry grasslands.
Methods: The experiment was located in the former KuĨnicaWarĊĪyĔska sand-pit (S. Poland) 
(50°22’30.68”N, 19°13’2.86”E). In July 2014, two plots were placed in spontaneously established po-
pulations of S. graminifolia: in the close vicinity of mire vegetation (wetland, WET), and on the bare 
sand (dry grassland, DRY). Plant height, total biomass, the number of generative shoots were recorded 
within each of habitats on 1 sq m plots. The Chl a À uorescence measurements were performed using 
Pocket Pea portable À uorimeters (Hansatech Instruments, King’s Lynn, Norfolk UK). Fluorescence re-
cordings were performed simultaneously on both habitats between 8 and 10 a.m. on the fully developed 
leaves. The differences in soil parameters and Chla À uorescence parameters were tested with t-test. 
Results: The studied sites did not differ signi¿ cantly in soil properties in spite of soil moisture. Howe-
ver, the Solidago has low stem and produces signi¿ cantly lower total biomass on the DRY as compared 
to WET site. The water stress on the DRY site resulted in signi¿ cantly lower Chla À uorescence intensity 
at points F4, F5, and Fm. Moreover the PS II ef¿ ciency Fv/Fm, phenomenological energy À ux parame-
ters: RC/ABS, (1-Vj)/Vj and PI, were also lower and DIo/RC - higher in DRY site.
Conclusions: Chl a À uorescence is a valuable tool for assessment of alien plant viability in habitats with 
contrasting soil moisture level. S.graminifolia could be more invasive in wetlands, such as moorland, 
rush or wet meadows.
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Introduction: Superoxide dismutase (SOD) catalyses superoxide radical generation (O2.-). We assumed 
that the ideotype of drought-resistant barley will comprise high SOD activity in drought. Hence, we 
compared O2
-· generation and SOD activity in leaves of plants of 100 Recombinant Inbred Lines of two-
row barley (Hordeum vulgare L.). Plants were subjected to drought at the seedling and heading stages.
Methods: Plants were grown in a greenhouse, and collected after 8 (seedlings) and 14 days (mature 
plants) of drought (20% of ¿ eld water capacity; control: 60%). The intensity of O2-· generation was ana-
lysed histochemically with nitroblue tetrazolium and the leaf images were semi-quantitatively assessed 
with an image analysis software. SOD activity and protein content were measured spectrophotometrical-
ly, by cytochrome c and Bradford method, respectively. For the measurements and analyses the 4th leaf 
from each seedling, and from adults plants the leaf taken from a node under the À ag leaf was collected.
Results and conclusions: The assumed relationships occur at the seedling stage, but not during the 
generative one. In case of seedlings subjected to drought high SOD activity can be associated with the 
intensity of the production O2
-· at least at the level of control, because this radical is a natural by-product 
of oxygen metabolism. Such coincidence suggests ef¿ cient life processes, and, therefore the resistance 
of plants to water scarcity. However, in the case of plants initiating their generative stage it was observed 
that some viable, and even À owering specimens had their À ag leaf partially or even completely desiccat-
ed, which resulted in low metabolic activity assayed with SOD and its substrate.
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Introduction: Smoke affect plants in positive or negative manner, depending on the plant species. The 
aim was to establish the impact of smoke-derived preparations on germination of seeds and conditions 
of seedlings of two vegetables of Apiaceae family, also those germinating in a long time.
Methods: Smoke water and curing smoke was used on dry seeds of Apium graveolens L. (celery) and 
Anethum graveolens L. (dill). Germination parameters and seedling conditions were compared with 
these of seeds or seedlings untreated by smoke preparations. 
Results and conclusion: Both kind of smoke preparations accelerated germination of celery, which was 
accompanied with faster, even 3-fold growth of seedlings. Smoke water was more effective growth stim-
ulator than the curing smoke, hence it can be used in cultivation of celery. In case of dill, germinability 
was decreased by the inÀ uence of both forms of smoke.
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Introduction: The pioneer trees such as birch can survive challenging conditions (e. g. contamination 
with heavy metals) because the roots of those trees form ectomycorrhizal associations which give a bet-
ter access to the nutrients (Fox 1983). Moreover fungi have been considered as soil component that 
could have great signi¿ cance in decreasing impact of heavy metals pollution (Krupa & Kozdrój 2004).
Methods: Morfological classi¿ cation was used to distinguish the major mycorrhizal types associated 
with birch in stands with different levels of heavy metal pollution (Agerer, 1987–2000). Two stands 
were located near zinc-lead smelters, two other were located in areas relatively free from heavy metal 
contamination. In order to determine biomass of ECM fungi, ergosterol concentration analysis in soil 
was carried out according to the methodology proposed by Gong et al. (2001). 
Results: Sixteen mycorrhizal morphotypes were distinguished in total. The number of ectomycorrhizal 
morphotypes varied between sites from 5 in contaminated sites to 8 in unpolluted area. At sides contami-
nated with heavy metals ectomycorrhizal communities were highly dominated by one morphotype. Our 
studies have shown a negative impact of heavy metals on the concentration of ergosterol in investigated 
soils.
Conclusions: Heavy metals reduce the biodiversity of birch ectomycorrhizal morphotypes and reduce 
the amount of mycelium in the soil.
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Potato (Solanum tuberosum L.) is highly sensitive to soil drought. Transcriptome analysis of potato 
exposed to heat, cold or salinity showed changes in expression of at least 3,314 genes in response to 
any of the applied adverse environmental factor (Rensik et al., 2005). Drought-induced changes in gene 
expression of potato plants growing under natural conditions con¿ rmed the results of research carried 
out under controlled conditions that the soil drought causes the most serious changes at the level of me-
tabolites responsible for the ability of tissues to osmoregulation, as well as changes in the mechanisms of 
detoxi¿ cation of reactive oxygen species (ROS) and the stability of proteins (SchaÀ eitner et al., 2007). 
Experiments carried out under greenhouse as well as under natural conditions revealed cultivar diversity 
in plant responses to drought in the tuberisation phase. More detailed analysis carried out two potato 
cultivars, Tajfun and Cekin, indicated that Tajfun cv was able to maintain higher yield of tubers under 
drought that the Cekin cv. The high value of drought tolerance index coincided with development of 
dehydration avoidance on which indicated the higher value of relative water content in leaves of Tajfun 
cv and ef¿ cient protection against intensive transpiration. Stomata density on the lower side of the leaf 
blade of tolerant cultivar (Tajfun) were signi¿ cant higher (249 ± 5.1 mm-2) comparing to resistance one 
(196 ± 17.6 mm-2). The trachoma density on the lower side of the leaf blade was also signi¿ cantly higher 
(115 ± 6,2 cm-2) at Tajfun cultivar than Cekin (100 ± 7,3 cm-2).The higher stomata and trichoma den-
sities in lower side of leaf blade seem to be related to maintenance of gas exchange intensity and more 
effective use of water (WUE), and in consequence to higher tuber yield of Tajfun cultivar. Analysis of 
leaf proteome changes triggered by the water de¿ ciency revealed the up-regulation of proteins involved 
in antioxidant defense system and in photosynthesis. The up-regulation of these proteins points to the 
induction of disturbances in redox homeostasis in leaves of sensitive cv under drought. In the case of 
leaves of tolerant cultivar proteins involved in plant acclimation to drought were up-regulated. 
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Introduction: Tropospheric ozone concentration has been increasing during last decades, and its nega-
tive effect on crop plants is already known and evaluated. There are however many concerns about the 
real effect in ambient air conditions for plant photosynthesis activity, due to many other factors inÀ uen-
cing on plant response. Moreover, elevated ozone concentrations are usually not only one air pollutant 
affecting the plant. This is especially valid for urban areas, where usually trace elements concentrations 
are higher than in rural and forest sites. The aim of presented study was to analyze the relations between 
photosynthesis activity parameters, tropospheric ozone and trace elements concentrations.
Methods: Two common bean (Phaseolus vulgaris L.) genotypes were chosen for the experiment – 
ozone sensitive S156 and ozone-resistant R123. Plants were exposed in ambient air conditions for 28 
days from the middle of June till the middle of July, 2013. Three exposed sites were selected with dif-
ferent environmental characteristics – city (Poznan), town (Gniezno) and forest (Witkowo commune). 
Photosynthesis activity parameters, such as net photosynthesis rate (PN), stomatal conductance (gs), 
intercellular CO2 concentration (Ci) and transpiration rate (E) were measured on 0, 14
th and 28th day of 
experiment. Moreover, at the end of experiment Ni, As, Cd and Pb accumulation in leaves was measu-
red. Analysed elements were determined in each prepared sample using inductively coupled plasma 
spectrometer equipped with a dynamic reaction cell (ICP-MS Elan DRC II, Perkin Elmer, Canada).
Results: Photosynthesis activity parameters revealed differences in plants exposed at sites and control. 
The sensitive genotype respond in different way, than resistant one. Both revealed lower levels of PN 
in comparison to control. However, resistant revealed the lowest level at forest site, where the highest 
tropospheric ozone was noted, while the sensitive one was found with the lowest values at town site. The 
resistant genotype revealed a decrease during the experiment time, while the sensitive showed an incre-
ase of PN. In the most cases the net photosynthesis rate was positively related to gs and negatively to Ci. 
The analysis of correlations between parameters revealed negative relation of PN of sensitive genotype 
with mean ozone concentrations, while resistant one showed opposite relations.
The sensitive genotype revealed positive relation of PN with all analysed trace elements. PN and gs was 
positively related to As and Ni, while negatively relation with Pb and Cd for resistant genotype. Based 
on these results, we can assume, that probably trace elements concentrations was not as very high level, 
and did not negatively inÀ uence on plants photosynthesis.
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Introduction: Scots pine (Pinus sylvestris L.) plays a major role when it comes 
to silviculture, ecological signi¿ cance and timber production in Poland. It is also 
a pioneer species, which takes part in the process of secondary ecological succession on aban-
doned farmlands. The extent and rate of this phenomenon in Poland are probably greater than 
in other European countries (Szwagrzyk 2004). In past decades a gradual decline 
in agricultural area could be observed in Europe (Hatna and Bakker 2011), which means that these large 
open areas can be colonized  by many plant species, including trees. The main objective of this study 
was to estimate basic biometric traits and biomass of young Scots pines, which were the ¿ rst generation 
of trees growing on abandoned farmland.
Methods: The research area is located about 30 km north-east from PoznaĔ. In October 2011 and 2012 
20 5-6-years-old pines were carefully excavated from the soil with their whole root systems. Height of 
each tree, length of top root, lateral roots and branches were measured. Then trees were divided into 
separate organs, dried to constant mass and weighed.
Results: Aboveground biomass constituted more than 80% of total trees biomass. The average length 
of lateral roots was much bigger than the height of trees and the length of their top roots and branches.
Conclusions: Young pines have to compete for light, nutrients and water with numerous herbaceous 
plant species. They also grow on exploited soil, which was intensively cultivated for more than 100 
years. This i.a. results in an intensive lateral roots growth.  
References: 
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Introduction: Drought is of the major environmental constraints leading to the induced nutritional 
disorders which may be attributed as consequences of mineral availability, competition, uptake and 
translocation of minerals within the plant or speci¿ cally in different parts of plant or cells (Grattan and 
Grieve, 1999; Bartels and Sunkar, 2005; Munns and Tester, 2008). It is aimed to monitor the monthly 
and seasonal mineral composition (N, P, K, Fe, Cu, Zn, Ca, Mn, and Mg) changes induced by drought 
using principal component (PCA) and hierarchical clustering analysis (HCA). 
Methods: P and N content were determined by vanadomolybdate method and modi¿ ed Kjeldahl me-
thod. K, Ca, Mg, S, P, Fe, Zn, Mo, Mn and Cu were ascertained by ICP-OES.
Results: K, Zn, and Mn accumulated more under irrigated conditions whereas N, Fe, Cu, Mg, Ca, and P 
demonstrated more accumulation under non-irrigated conditions. Once varieties were compared concer-
ned with mineral concentration levels,  Kilis YaglÕk variety had more N, K, Fe, Cu, and Ca concentration 
while Gemlik variety had more P, Zn, Mn, and Mg. The concentration of plant nutrients increased during 
vegetative stages but it declined with fruit set and fruit ripening periods. PCA and HCA revealed impor-
tant differences concerned with nutritional status and cultivars.
Conclusion: Olive varieties showed different responses in uptake or accumulation of elements under 
irrigation responses and this response is related to the genetic structure of varieties resistance and stress 
conditions. Assessment of element metabolism may be used as criteria for genetic and breeding studies, 
especially with respect to the stress conditions.
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Abstract
The aim of this study was to evaluate the inÀ uence of drought on the morpho-physiological traits in 
sugar beet plants. Seeds of 12 genotypes were generously supplied by KHBC Ltd.- Poland. Plants were 
grown in greenhouse in Wagner pots. Water supply was varied at 40 days after emergence (DAE) at the 
stage of 5-6 leaves. Control plants were irrigated to 60% of water- holding capacity  but drought-treat-
ed to 30% on a weight basis every second day.  Reduction of water supply for 47 days signi¿ cantly 
increased the wilting of leaves (Wilt.) and the succulence index (Suc.I), while the speci¿ c leaf weight 
(SLW), relative  water content (RWC) of mature leaves and leaf senescence measured as relative content 
of chlorophyll  were only slightly affected. Simultaneously, the osmotic potential (ȥs), leaves area, dry 
matter of particular plant’s organs  and the ef¿ ciency of the photosynthetic apparatus estimated by chlo-
rophyll a À uorescence parameters declined under water de¿ cit conditions. As a consequence of water 
de¿ cit growth of plant were lowered by approximately 40%, compared with optimally irrigated plants. 
The genetic distance (ranged from 0.31 to 0.51) between genotypes varied in their drought response, 
what shows relatively high level of their biodiversity. Based on these ¿ ndings, it is suggested that traits 
that are strongly correlated with storage root growth, either positively (e.g. maximum and effective 
quantum yield of PSII, relative chlorophyll content, leaves area, and ȥs), or negatively (Wilt. and Suc.I), 
could be used as potential selection criteria in breeding programmes to improve drought tolerance in 
sugar beet. 
Keywords: Beta vulgaris L., growth, photosynthetic apparatus activity, water shortage 
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Introduction: Wheat is a major food source grown worldwide under different climatic conditions. Dro-
ught signi¿ cantly restricts wheat production, affecting large areas of the world. Excised-leaf water loss 
was found to be heritable and predominantly controlled by additive gene effects [Clarke & Townley
-Smith, 1986, Dhanda & Sethi, 1998]. Thus, the aim of this study was to dissect the genetic control of 
excised leaf water loss in wheat, and to identify physiological and anatomical traits important in deter-
mining this. 
Materials and Methods: A mapping population of 94 doubled haploid lines (CSDH) was made from 
the hexaploid wheat (Triticum aestivum L.) cross Chinese Spring (CS) x SQ1 (Quarrie et al., 2005), 
mapped with 450 markers. It was tested for three years for rate of water loss from detached leaves. 
Vernalised plants were grown well-watered in a temperature-controlled glasshouse until leaf 4 ligule 
emerged. This leaf was then detached and its rate of weight loss (RWL) monitored in a growth cham-
ber at 20 ÛC, 50% relative humidity and continuous light. Leaf weights were recorded after 0, 3 and 6 
h and again after drying at 70ÛC. Excised leaf water loss (ELWL) was determined using the procedure 
of Clarke and McCaig [1982]. Leaf length and width were measured to estimate leaf surface area. Leaf 
area per unit dry mass (SLA), a measure of leaf thickness, was also calculated. In the last experiment, 
the basal 2 cm of each leaf 4 was cut and placed into 70% ethanol solution. A bright-light microscope 
was used to measure stomata per unit area and, from leaf cross sections, leaf thickness at the midrib and 
along the lamina and area of midrib xylem elements. Effects of year, line and year u line interaction 
on the variability of RWL 0-3h, RWL 0-6h, SLA, ELWL were established by two-way ANOVA. QTLs 
were identi¿ ed using single-marker analysis (SMA) and composite interval mapping (CIM) with Win-
dows QTLCartographer version 2.5.  
Results and Conclusions: ANOVA indicated that the main effects of years and lines as well as years u 
lines interaction effects were signi¿ cant for all traits in the study. For many traits, transgressive segre-
gation amongst DH lines was apparent, as ranges amongst DH lines were much greater than differences 
between the parent means. QTL analysis using CIM gave 83 QTL for these seven traits. QTLs were 
identi¿ ed on chromosomes: 1A, 2A, 2B, 3A, 3B, 4A, 4B, 4D, 5A, 5B, 5D, 6A, 6B, 6D, 7A and 7D. The 
greatest numbers of coincident QTL were on chromosomes 3A for ELWL, RWL0-3h, thickness at the 
midrib and xylem vessel area, and 5A for RWL0-3h, RWL0-6h, SLA and stomatal number. Additionally, 
using SMA we identi¿ ed QTL coincident across the three experiments on chromosomes 3B for ELWL 
and RWL0-6h, 5B for RWL0-6h and 7D for RWL0-3h and RWL0-6h. Our results also showed that midrib xy-
lem vessel area was associated with leaf size and thickness, suggesting that the genes controlling leaf 
length, width and thickness also control xylem vessel size.
Acknowledgements: The research was supported by the IPP PAS statute project T1Zb4/2010 and partially foun-
ded by project 480/N-COST/2008/0.
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Introduction: Application of transgenic plants expands our understanding of the role of certain genes 
in plant resistance to hypothermia (Jewell et al., 2010). The potato (Solanum tuberosum L.) plants with 
altered carbohydrate metabolism caused by the integration of the target suc2 gene, which encodes the 
invertase (E-fructofuranosidase, EC 3.2.1.26) from the Saccharomyces cerevisiae under the control of 
the B33 class I patatin promoter and with the proteinase inhibitor II leader peptide sequence providing 
the apoplastic enzyme localization, is of special interest. 
Methods: Apoplastic À uid was prepared according to (Hone et al., 1994). The invertase activity was ex-
pressed as 1 Pmol of glucose produced by hydrolysis of sucrose in the incubation medium per volume of 
sample taken for analysis (Deryabin et al., 2005). The rate of lipid peroxidation was measured according 
to accumulation in tissues of malonic dialdehyde ascertained from the color reaction with thiobarbituric 
acid (Hodges et al., 1999).
Results: The increased activity of the apoplastic invertase in transgenic plants compared to that in the control 
ones promoted more active accumulation of fructose in the apoplast, glucose and sucrose in the leaves, glucose in 
the roots. The transgenic plants had a bit decreased growth parameters and more watered tissues. The dependence 
of apoplastic invertase activity on constitutive and stress-induced cold-resistance has been shown. 
Conclusions: The results indicate that the activity of apoplastic invertase due to hypothermia increased 
the sugar content in the roots and leaves including apoplast. The higher resistance of transgenic plants to 
hypothermia resulted from the changes in sugars proportion caused by the yeast invertase activity. The 
apoplastic invertase is the stress enzyme of carbohydrate metabolism playing the main regulatory role 
in metabolic signal change under the potato cold-resistance formation.
Acknowledgements: The authors are grateful to the group of Dr. L. Willmitzer (Max-Planck Institute of 
Molecular Plant Physiology, Golm, Germany) and Dr. G.A. Romanov (IPP RAS, Moscow, Russia) for 
the potato plants provided for the research.
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Introduction: Salinity is of the major environmental constraints that limits growth and reproduction 
of crops and cereals worldwide. High salt concentrations in soil constitute a considerable threat and 
consequently result in low yield. However, the adverse effects of salt can be alleviated with exogenous 
hormones and growth regulator primings (Shekoofehet al. 2012; Fatemi and Aboutalebi 2012).
Methods: In order to determine the optimal pre-treatment time and concentration for the subsequent 
studies, basil seeds were incubated for 24,48, 72 h at different salt concentrations (0, 100, 150, 200 mM) 
with different tryptophan (50-100 ppm) and salicylic acid (0.1-0.5 mM) concentrations and sowing to 
the petri dishes (El-Bassiouny, 2005;  Delavari et al. 2014). 
Results: One-week later, germination rate, length and weight of seeds radicle and shoots were measu-
red. Pretreatment time was determined best for 24h. Salicylic acid pretreatments were more effective 
than tryptophan treatments. 0.1 mM SA and 50 ppm pretreatments were found effectively than other 
applications.
Conclusions: Results indicate that salicylic acid and tryptophan applications could prevent salt stress 
negative effects.
References.
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Introduction: The rate at which the seed aging process takes place depends on the of  their physio-
logical and genetic state and environmental factors. Environmental temperature and relative humidity 
are important factors inÀ uencing seed viability and longevity during the storage (Kapoor et al., 2010; 
Gholami and Golpayegani, 2011). The aim of the study was to evaluate the selected physiological para-
meters of  faba bean (Vicia faba L.) seeds subjected to accelerated aging.
Methods: Faba bean seed cv. Albus and Amulet were subjected to accelerated aging using at 40°C and 
two relative humidity 75% and 85% (RH). Vigour, vitality and peroxidase activity (POX) seeds were 
evaluated every four days. Vigour and vitality of seeds were tested according to ISTA standards. POX 
activity was determined by the method of Putter (1974).
Results: Vigour and seeds vitality are reduced with time accelerated aging seeds. The seeds subjected 
to aging at a humidity of 75% RH after 20 days did not germinate in both variants and 85% RH after 16 
days also for two variants. Analysis of seed vigour - measured dry and fresh weight of the seedlings and 
their length - showed more rapid reduction these parameters in the relative humidity of 85% RH com-
pared to at 75% RH. Peroxidase activity decreases with aging time irrespective of the relative humidity.
Conclusions: The storage conditions (temperature and relative humidity) have an effect on vigour and 
seed viability. Seed storage at elevated temperature and humidity can cause oxidative stress in seed cells.
References: 
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A year of origin has got a signi¿ cant inÀ uence on the crop of soybean seed and negatively affects the 
seed crop in the years with de¿ cient rainfall and long periods of drought during the vegetative season as 
a consequence of global warming. Therefore, it is required from the future point of view the testing and 
right choice of appropriate biological material for the stress conditions and of course to test inoculants 
and nitrogen nutrition. Croppers in the Slovak Republic have not still fully appreciated an importance 
of soybean. It is only a loss for our croppers that a process of widening its sowing areas and with this 
connected building of manufacturing capacity for soybean are presently very slow (Krivosudská, Filová, 
2013). 
The objective of this research was to investigate possible genetic variation in the sensitivity of soybean 
cultivars for nitrogen ¿ xation rates in response to soil drying.  The work con¿ rmed that the selected 
physiological characteristics (RWC, SPAD and proline) are good evaluating parameters for the determi-
nation of water stress in plant. In the À oricultural year 2014 an experiment with four genetic resources 
of soybean was launched. Sowing of Maverick (USA), Drina (HRV), Nigra (SVK) and Polanka (CZK) 
genotypes was carried out in the containers of 15 l capacity. This stress had a negative impact on the 
physiological parameters. By comparing the RWC values, the decrease was more signi¿ cant at the end 
of dehydration, which was monitored in Maverick and Drina genotypes using the Nitrazon inoculants 
and water stress effect. Inoculated stressed Nigra and Polanka genotypes have kept higher water content 
till the end of dehydration period. Also the proline accumulation was monitored during the water stress, 
whilst higher content of free proline reached of Maverick. More remarkable decrease of osmotic poten-
tial was again registered in a foreign Drina and Maverick genotypes in the inoculated variations. Nigra 
and Polanka genotypes responses not so signi¿ cant in the given conditions. The highest values of SPAD 
number were registered on the stressed inoculated Polanka. Understanding of heterogeneity of geno-
type productive capabilities offers an assumption for a better characterization of new and prospective 
biological material in breeding practice.  Negative effects of climate change can be mitigated throught 
appropriate choice of plant species, improving water management and irrigation systems.
References
Krivosudská, E. and Filová, A. (2013), “Evaluation of selected soybean genotypes (Glycine max. L.) by physio-
logical responses during water de¿ cit.” In: Journal of Central European Agriculture. Vol. 14, no. 2 p. 213-228, 
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Introduction: Fragaria vesca L. provides excellent material for studying adaptive life strategies. The 
wild strawberry is a perennial, winter-green herb of the Rosaceae family, which reproduces both sexual-
ly and asexually (by runners). This study was undertaken to examine to what degree pesticide contami-
nation of soil and water affects the reproductive material of Fragaria vesca.
Methods: The study focused on the investigation of the number of À owers, fruits and seeds and the phy-
siological attitudes of the wild strawberry herb grown on a pesticide-polluted soil heap near Jaworzno 
city. A sampling procedure was established for fruits and seeds collection from various classes of distan-
ces from the source of pollution. These classes (I-IV: from the closest to the farthest) were determined 
using the integral groundwater investigation FOKS programme for Zakáady Chemiczne Organika-Azot 
(Gzyl, 2012). Fragaria vesca fruits and seeds were properly prepared and measured for their morpholo-
gical characteristics as well as for seeds germination capacity and viability.
Results: The results showed that there were no signi¿ cant differences in the morphological characteri-
stic of fruits and seeds related to the soils nearest to the pollution source. All the fruits and seeds collec-
ted from distances III and IV showed signi¿ cant differences in number and signi¿ cant alterations in the 
physiological behavior of the seeds.
Conclusion: Reproduction and survival rates of wild strawberry depend highly on spatio-temporal va-
riation of environmental condition.
References:  
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Introduction: The quality of light affects the growth and development of plants through selective acti-
vation of different photoreceptors, and selective activation of different plant species and varieties (Ah-
mad et al. 2002). Therefore, the regulation of lighting conditions can be used to produce high-quality 
horticultural products. 
The aim of the experiment was to evaluate how light inÀ uences the growth of lemon balm (Melissa 
of¿ cinalis L.).
Methods: The plants were cultivated in a growing room with arti¿ cial lighting using LED modules. The 
share of orange and green light in the spectrum was constant and amounted to 10% for either colour. In 
the ¿ rst combination (A, 70/10) there was 70% of red light and 10% of blue light. In the other combina-
tions there were the following proportions: B 60/20, C 50/30, D 40/40 and E 30/50. The PPFD was about 
155 ȝmol m-2 s-1. A 16-hour photoperiod and a day/night temperature of 23/18 °C were maintained. The 
growth parameters, leaf gas exchange and relative chlorophyll content were measured.
Results: The height of the plants and the length of internodes was greater in combination A  (70/10). 
The plants in combination D (40/40) were characterised by the highest relative content of chlorophyll 
in leaves. The lowest content of chlorophyll was observed in the leaves in combination C (50/30). The 
plants in this combination were also characterised by the highest net photosynthetic rate. Also, the dry 
weight yield was greater in combinations C and D. 
Conclusions: The spectral composition of light signi¿ cantly inÀ uenced the morphological traits and gas 
exchange in the plants. Blue light inhibited the elongation growth and had positive inÀ uence on the net 
photosynthetic rate.
References: 
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Introduction:  In stressful conditions plants accumulate the metabolites, particularly amino acids such 
as proline, also plays a role as comparable solute under environmental stress conditions (Hayat et.al. 
2012). Therefore it becomes perspective to study the effect of preparations, containing free amino acids 
on plants freezing tolerance. 
Methods: The effect of regulators with amino acids – Ruter AA, Razormin, Aminocat, Terra Sorb, 
for winter rape cv. ‘Hornet H’ and wheat cv. ‘Skagen’ freezing tolerance was studied. Rape and wheat 
seedlings were germinated in soil in the Climacell growing chamber at 18r2oC temperature. Seedlings 
at the BBCH-13-14 stage, were treated with water solutions of tested regulators and after 24 h growing 
were acclimated at 4oC for 96 h. After hardening the plants were kept at -1oC, -3oC, -5oC and -7oC for 
24 h each and then all seedlings were held at 18r2oC for 7 days. After that the survived seedlings were 
noted and estimated.
Results: The evaluation of rape and wheat freezing tolerance under the impact of the tested regulators 
revealed that plants are resistant at temperature -1oC.The most signi¿ cant differences of regulators were 
determined at -5oC temperature. Under the impact of Ruter AA (1 ml 100 ml-1), Terra Sorb (1 ml 100 ml-
1) and Aminocat (0.1 100 ml-1) the wheat and rape seedlings survival, compared with control, increased 
by 48 - 21, 44 - 28, and 40 - 25%, respectively. Wheat seedlings were more tolerant to cold than 
the rape, and tested growth regulators restored wheat growth seedlings grows after freezing at -5oC and 
-7oC temperature. 
Conclusion: Regulators, containing free amino acids, applied winter rapeseed and wheat in controlled 
cold stress conditions increased seedlings freezing tolerance. The tested regulators Ruter AA (1 ml 100 
ml-1), Terra Sorb (1 ml 100 ml-1) and Aminocat (0.1 ml 100 ml-1) more actively restored wheat than ra-
peseed seedlings growth after freezing at -5oC and -7oC temperature. 
References. 
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Introduction: Poa annua, as a cosmopolitan and invasive species, is characterized by a high mor-
phological and physiological variability, as well as differentiated ability of reproduction. This widely 
distributed species produces valuable seeds in all habitats in which occurs, even in the Arctic (69ºN) and 
in the Antarctic (64ºS). In this study we examined some morphological and physiological features of 
generative structures of P. annua plants originated from different latitudes. 
Methods: Caryopses of ¿ ve P. annua ecotypes were harvested in the area of the Northern Asia, Central 
Europe, Southeastern Europe (Albania and Macedonia) and the West Antarctic. Seeds collected in the 
above regions were used to establish greenhouse cultivation of P. annua plants. This cultivation was 
conducted at 20ºC with 16h of light and 8 h of darkness per day. When cultivated plants entered into 
reproduction phase the fertility of studied ecotypes was examined and mature caryopses were collected. 
The latter were used in germination tests, which were conducted immediately after harvest, as well as 
two and ¿ ve months after collection 
Results: The fertility of studied P. annua ecotypes was differentiated. The greatest number of caryopses 
per individual was observed in ecotypes originated from the Northern Asia and Central Europe, while 
the smallest number of caryopses was in ecotype from the Albania. Considerable differences were also 
found in caryopses germinability. Germination tests indicated that both ecotype from Northern Asia and 
ecotype from Central Europe produce caryopses which do not exhibit primary dormancy - their seeds 
germinated in near 100% immediately after harvest. Among the three others ecotypes, the highest pri-
mary dormancy level of freshly harvested caryopses was observed in P. annua originated from Albania, 
on the other hand the longest time needed for breaking caryopses primary dormancy occurred in ecotype 
originated from Macedonia. 
Conclusions: All investigated P. annua ecotypes produces diaspores which have very high viability, 
almost 100%. However, these ecotypes originating from Northern Asia and from Central Europe seems 
to be the best adapted to the reproduction under unfavorable environmental conditions, since they set 
the largest number of valuable caryopses, which can germinate at high level immediately after reaching 
maturity. 
Acknowledgements: This research was supported by the Ministry of Scienti¿ c Research and Higher 
Education Grant 2013/09/B/NZ8/03293.
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Introduction: Poppy seeds are obtained from the opium poppy (Papaver somniferum L.) of different 
varieties including ones with low morphine content. They are used in bakery, on dishes toppings, cakes 
and desserts ¿ llings. The opium poppy plant contains few opiate alkaloids, morphine is the predominant 
one (Grove 1976). The total alkaloid content of the poppy plant depends on various factors such as a va-
riety, soil conditions, fertilization, weather etc. In Poland there are 5 low morphine (<0,06% morphine in 
dry mass of plant upper part) varieties of Papaver somniferum used for seeds production and food (Agat, 
Michaáko, Mieszko, Rubin, Zambo). Morphine content differs also among plant parts. Straw, especially 
upper part contains relatively high amounts up to 0,6%, but seeds from a poppy capsule contain none or 
very low. Previous research conducted in IFR revealed morphine content in poppy straw at levels of 1.1-
6.4 g/kg. Some researchers claim that alkaloids presence in poppy seeds is the result of insect damage, 
or poor harvesting practices (Dusemund 2010). Those can be reasons of high morphine concentration in 
¿ nal food products which can lead to positive results in human drug testing (Thevis 2003, Lachenmeier 
2010).  
Aim: The aim of presented research was to asses concentration of two most important alkaloids in ¿ nal 
food products containing poppy seeds and commercially available poppy seeds for kitchen use.
Methods: 5g of examined products: poppy ¿ llings, poppy seed cakes and poppy seeds (Hungary, Czech 
Republic) were macerated in methanol solution of formic acid (0.1%) and diluted before instrumental 
analysis. Morphine-D3 and codeine-D3 were used as internal standards. The analyses were performed 
using liquid chromatography with mass spectrometry (LC-MS). Separation of the analytes was achie-
ved on Purospher Star (55x4 mm) chromatographic column. The detector was operated in selected ion 
monitoring mode (SIM). Positive electrospray ionization (ESI) was applied.
Results: In case of yeast-cakes with poppy ¿ lling morphine content was 25-29 mg/kg - relatively high 
concentration, assuming their preparation (boiling and baking), which should reduce its level to 10% of 
initial amount. In other products: poppy seed cake 17-21 mg/kg, and in commercially available ready
-made ¿ llings 7-40 mg/kg. Poppy seeds imported from Czech Republic contained very high morphine 
amounts 145-310 mg/kg, compared to the produced in Hungary (14-26 mg/kg).
Conclusions: There are currently no EU regulations relating to alkaloids in poppy seeds used in food, 
although Hungary has national maximum levels of 30 mg/kg for morphine and 20 mg/kg for codeine, 
those levels were con¿ rmed in our studies. In contrary, high concentration of morphine in poppy se-
eds from Czech can lead to increase this alkaloid level in ¿ nal products and then to detectable content 
of free morphine in blood or urine, suf¿ cient to interfere with drug abuse testing among drivers or in 
a workplace. 
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Introduction: Potential of carbon nanotubes in the agricultural sector is related with genetics - for in-
stance in genetic improvement of plants, transport of genes and therapeutic substances in plants and ani-
mals, or in silencing of genes expression under stress conditions. High potential for CNT is associated 
with precision agriculture - the possibility of early detection of pathogens and toxins in plants or food 
(Sekhon, 2014). Interesting, but still controversial issue is the ability to stimulate the germination and 
growth of plants treated with carbon nanotubes.
Methods: Culture was performed in germinators, which were placed in cuvettes with the test suspen-
sions - raw and carboxylated multiwall carbon nanotubes (MWCNT). Morphology, electrolyte leakage 
(Eich et al., 2000), antioxidant enzymes activity (Aebi, 1984, Droillard et al., 1987), ef¿ ciency of photo-
system II using a Plant Ef¿ ciency Analyzer (PEA) (Hansatech Ltd. King’s Lynn, UK), and infection of 
seedlings by naturally occurring microorganisms were measured after two weeks.
Results: MWCNT did not affect the growth of shoots, but pristine stimulated and carboxylated limited 
growth of roots. Both types of MWCNT affected the damage of cell membranes of plants. Raw MWC-
NT limited infection of the seedlings by natural pathogens microbiome of kernels, but also such indica-
tors of oxidative stress were affected. Carboxylated MWCNT decreased energy absorption by antennas 
and energy transferred to reaction centers but did not affected energy À ux for electron transport. At the 
same time increased the quantum ef¿ ciency of energy trapping in PSII and ef¿ ciency index was accom-
panied by decrease in energy dissipation suggesting more effective energy usage. 
Conclusion: Wheat seedlings treated MWCNT in hydroponics culture without nutrients show modi¿ -
cations. Positive effects are reduce the natural microbiome, stimulation of growth and the ef¿ cient use 
of energy in photosynthesis in seedlings treated by raw MWCNT.
References
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Methyl jasmonate (JA-Me) is an elicitor that causes the formation of anthocyanins in roots of Kalanchoe 
blossfeldiana (Góraj et al., 2014; Góraj-Koniarska et al., 2015). The anthocyanins are accumulated in 
roots of intact plants, but not in excised roots. Signal transduction as a result of JA-Me treatment, as 
well as molecular mechanism of regulation anthocyanins in roots of K. blossfeldiana remains unknown. 
In plants, polyamines participate in abiotic and biotic stress responses and play a protective role against 
these stresses (Tiburcio et al., 2014). It is also known that in plants polyamines are implicated in various 
physiological processes, including secondary metabolism (Tiburcio et al., 2014). 
The aim of the study was to seek possible relationship between the anthocyanins accumulation and level 
of polyamines in the roots of K. blossfeldiana treated by JA-Me. In the roots of the plant, putrescine, 
spermidine, spermine and 2-phenylethylamine were found, and the putrescine was the major amine. 
Content of putrescine declined in roots of intact plants treated with JA-Me, however in excised roots the 
elicitor did not affect the content of putrescine. JA-Me had a similar effect on the level of spermidine. 
The contents of spermine and 2-phenylethylamine in roots of K. blossfeldiana were low, and JA-Me 
only slightly affected their content in intact and excised roots. The possible role of polyamines in forma-
tion of anthocyanins in K. blossfeldiana roots will be discussed.
References
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Introduction: The important role in the stress response of plants belong to reactive oxygen species 
(ROS) and acetylation and deacetylation of nuclear histons by histon acetyltransferases (HAT) and hi-
ston deacetylases (HDA). The aim of the study was to investigate of the ROS-dependent changes in the 
HAT and HDA activities and role of the HDA in control of ROS level in the tissue culture of Arabidopsis 
thaliana under development of the acute osmotic stress.
Methods: 12-14 days old tissue culture of A. thaliana, ecotype Columbia have been investigated. The 
tissue culture was grown on MS medium in the dark at 24°C. Acute osmotic stress was caused by pla-
cing of the tissue culture into 25% polyethylene glycol 6000 (PEG) solution. After 3 hours intensity of 
spontaneous chemiluminescence (SChL), H2O2 content and HAT and HDA activities were determined. 
To study of the ROS-dependent increase in HAT and HDA activities 10 mM ascorbate and 10 mM exo-
genous H2O2 were used. The role of HDA in regulation of the ROS content was studied by inhibition 
analysis by using 5 microM trichostatin A (TSA). Protein content was determined by the Bradford 
method. Experiments were repeated 3-5 times independently. The obtained data were processed stati-
stically.
Results: In the tissue culture of A. thaliana under PEG increased the SChL intensity, H2O2 content 
and HAT and HDA activities. 10 mM exogenous H2O2 also increased of the HAT and HDA activities. 
A+PEG caused a signi¿ cant decrease in the ROS content, which correspondingly lead to a decrease in 
the HAT and HDA activities. TCA+PEG leaded to a signi¿ cant decrease in the HDA activity and vice 
versa to increased in ROS content.
Conclusions: It is established that in the tissue culture of A. thaliana under acute osmotic stress coused 
ROS-dependent increase in HAT and HDA activities. Also found the relationship between HDA activity 
and ROS content.
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Introduction: The temperature is recognized as an external environmental factor which plays a key role 
in changes of plant growth during cold acclimation and survival during winter. Though, it is indispu-
table that the changes in various plant growth processes are tightly regulated by phytohormones, auxin 
(IAA) among them. The knowledge concerning their  implication  in cold acclimation processes are still 
limited. We focus on the elucidation of the possible implication of IAA in cold acclimation, preparation 
to wintering. The changes in IAA amount and status in two different according to wintering oilseed rape 
(Brassica napus L.) cv. ‘Casino’ (less resistant) and ‘Valesca’ (more resistant) grown under natural con-
ditions during the cold acclimation were analyzed. 
Methods: The amount of IAA and its metabolites was analyzed by modern biochemical analysis me-
thods (Bajguz, Piotrowska, 2009). Biometric parameters (leaf number, length, diameter) of tested or-
gans, overwintering of plants were measured. For the con¿ rmation of the possible implication of IAA 
to cold acclimation processes, model trials using original auxin physiological analogues TA-12 (2mM) 
and TA-14 (4mM) were carried out. 
Results: Data showed that modi¿ cation of IAA metabolism in terminal bud and root collum of both 
tested cultivars during cold acclimation period was analogous but not identical. The level of free IAA 
form was decreasing and IAA conjugates were increasing in both organs and cultivars. However, the 
amount of IAA  decreased and the amount of IAA conjugates  increased more intensively in ‘Valesca’ – 
approximately 23% higher amount of IAA conjugates was accumulated in terminal bud and about 2 fold 
in root collum in comparison to ‘Casino’ at the end of cold acclimation period. 
TA-12 and TA-14 had an inÀ uence on IAA metabolism during cold acclimation: amount of IAA  de-
creased; amount of IAA conjugates  increased; ratio of IAA-amides/IAA-esters also changed in organs. 
Both auxin analogues induced changes in biometric parameters and therefore overwintering of cultivars 
increased.
Conclusions: Our results suggested the possible role of IAA metabolism in cold acclimation, prepara-
tion for wintering processes and revealed possible relationship between IAA amount and its status with 
plant overwintering. 
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Introduction: Rubisco activase is required to regulate the catalytic activity of Rubisco in plants, in the 
ATP dependent manner. It has been shown that in Hordeum vulgare plants two isoforms of Rubisco acti-
vase exist. They are products of two alternate splicing variants (RcaA1, RcaA2) of common pre-mRNA 
(Werneke et al., 1989). The aim of the study was to investigate the role of both isoforms in the photo-
synthetic acclimation to cold in Hordeum vulgare.
Methods: Transcript levels of alternatively spliced mRNAs coding for two Rubisco activase isoforms 
were measured using real-time PCR. Rubisco activity has been determined spectrophotometrically. The 
measurements of photochemical and non-photochemical quenching were made with a FMS2 À uorime-
ter. Gas exchange measurements were performed using an infrared gas analyzer. All measurements were 
taken before cold acclimation, after 2 weeks of prehardening (15°C, 12/12 h photoperiod, 200 mol m-2 
s-1 PAR), and after 1 and 3 weeks of cold acclimation (4°C, 12/12 h photoperiod, 200 mol m-2 s-1 PAR) 
in Hordeum vulgare genotypes with contrasting levels of freezing tolerance.
Results: The increased Rubisco activity in plants with lower freezing tolerance during cold acclimation 
was attributed to the increased expression of Rubisco activase large isoform, corresponding to RcaA1 
splicing variant. In plants with higher freezing tolerance the increased Rubisco activity was also ob-
served, but not connected with the Rubisco activase expression. In plants with higher freezing tolerance, 
the increase in non photochemical quenching of excess light energy, together with the decrease in pho-
tochemical quenching parameter were observed in cold acclimated plants. Plants with lower freezing 
tolerance showed no changes in both these parameters after cold acclimation.
Conclusions: The speci¿ c role of the Rubisco activase large isoform may involve the activation of Ru-
bisco under the cold stress in low freezing tolerant Hordeum vulgare genotypes. The increased Rubisco 
activity may support the photochemical acclimation of photosynthetic apparatus to cold. 
References: 
Werneke JM, Chat¿ eld JM, Ogren WL. Alternative mRNA splicing generates the two ribulosebisphosphate car-
boxylase/oxygenase activase polypeptides in spinach and Arabidopsis. Plant Cell 1989;1:815–825.
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Introduction: To asses responses of freshwater algae Nitellopsis obtusa to heavy metal salts we pro-
posed the ATPase activity assay (Manusadžianas et al., 2002). To further validate the application of this 
assay the impact of the factor of anthropogenic origin, namely sonicated CuO nanosuspensions (nCuO) 
on charophyte Nitellopsis obtusa and higher plants: invasive Lupinus polyphyllus and non invasive 
Lupinus luteus cell membranes were investigated.
Methods: Microsomal fraction from algae and higher plants was prepared by differential centrifuga-
tion, K+Mg2+-ATPase (H+-ATPase) hydrolytic activity was determined according to liberated inorganic 
phosphate, and transmembrane electrochemical potential was measured spectroÀ uorimetrically using 
a potential-sensitive dye dis-C3-(5).
Results: nCuO (100 mg/L) strongly suppressed K+Mg2+-ATPase activity (15-360 min exposure) of Ni-
tellopsis obtusa microsomic fraction. InÀ uence of nCuO after the end of treatment was evident for at 
least six days. nCuO in experiment conditions did not disturb Nitellopsis obtusa membrane cation trans-
port processes – the electrochemical potential differences (ǻȝH+) in microsomal vesicles were identical 
to control algae ones.
Activity of ATPases of non-invasive Lupinus luteus hypocotyls cell membranes slightly decreased after 
treatment by nCuO. Invasive Lupinus polyphyllus was less sensitive to nCuO. Active transmembrane 
transport of cations (according ǻȝH+) as reaction to nCuO exibited no changes. The main differen-
ces between invasive and non-invasive lupines were in membrane integrity: Na+-diffusive potential, as 
opposite meaning reÀ ecting permeability of membranes, in non-invasive lupine membrane vesicles was 
inhibited by nCuO more than twice as compared with control. Invasive lupine cell membranes after such 
treatment remain stabile.
Conclusions: Membrane H+-ATP-ase hydrolytic and transport activities are sensitive enough to exhibit 
the changes of processes that characterize functional state of cell membranes and a whole plant under 
conditions of different stresses of anthropogenic origin. Invasive plants are supposed to have more sta-
bile membrane ion transport systems.
References: 
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Introduction: Plants during the growing season are subjected to the climate stresses belonging to abiotic 
stresses, which are factors causing a loss in yield.
The aim of this study was to determine the effectiveness of selected stimulants in mitigating the effects 
of drought  and other stress associated with the vegetation in the ¿ eld by evaluation of the biochemical 
composition of seeds. 
Methods: The plant material was soybean cultivar Augusta. Experiment in the open foil tunnel was car-
ried out in 4 treatments: non treated (70% FWC), drought (25% FWC), OPTYSIL + Drought, SILVIT 
+ Drought. Each treatment consisted of 25 plants. Biostimulators were applied 3 times during the expe-
riment.
Field experiment was carried out in 4 treatments: non treated (distilled water), OPTYSIL (0.25%), 
OPTYPLUS (0.75%) and GROW ON (2.5%). 
The effectiveness of individual biostimulators was determined by measuring the accumulation of chosen 
compounds in the seeds: proteins, fat, soluble carbohydrates, phenolic compounds and tocopherols  as 
compared to their content in the seeds of not treated plants.
Results: Under drought conditions more effective stimulator was SILVIT and in a ¿ eld experiment di-
stinguished itself from other substances the OPTYSIL preparation. 
Conclusions: Application of biostimulators can improve quantity and quality of crop, but not all com-
binations give desired effect.
Acknowledgements: This research was supported by „Doctus – Maáopolski fundusz stypendialny dla 
doktorantów” in cooperation with PrzedsiĊbiorstwo  INTERMAG Sp. z o.o
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Introduction: The growth and development of plants in the polar regions is strongly limited by the 
many of unfavorable abiotic factors, such as cold, frost or lack of water and biotic factors, eg. infection 
of pathogenic fungi. Studies so far indicates the polar vascular plants evolved in the vegetative tissues 
many of anatomical and psysiological adaptations, which effectively resist the stress factors. The aim of 
our study was examined the possible morphological and anatomical adaptations of seeds polar plants be-
long to the family Caryophyllaceae, Colobanthus quitensis (Antarctic), Cerastium alpinum and Silene 
involucrata (Arctic), which enable their successful generative reproduction in the extreme environment 
of the polar regions.
Methods: Anatomy of seeds was analyzed using light microscopy and transmission electron microscopy. 
Material ¿ xed in glutaraldehyde and embedded in epoxy resin. Prepared semithin and ultrathin sections 
were put on slides and grids. The semithin sections were stained with toluidine blue, ultrathin sections 
were contrasted with uranyl acetate and lead citrate.
Results: Microscopic analysis of seeds of polar Caryophyllaceae studied found a many common fe-
atures in their morphology and anatomy. The embryo was located peripherally, bent and fully formed, 
ie. diversi¿ ed of radicle, hypocotyl-root axis and two cotyledons. Nutritive tissue ¿ lled almost half the 
volume of seed. The most part of nutritive tissue takes perisperm, while the endosperm was observed 
 only in the micropylar region as a single layer of cells surrounding the radicle. Perisperm cells contain 
large quantities of material, mainly grain starch. Two heavily modi¿ ed and different degrees degraded 
integuments of nucellus formed seed coat. In the seed coat was observed materials with varying degrees 
of osmotic and structure, which were deposited in the light of the seed coat cells and their cell walls.
Conclusions: Such features as development perisperm as the main nutritive tissue in the seed and the 
accumulation of large amounts of a variety of materials in the seed coat, may be important to the success 
of generative reproduction of plants in polar environments. Materials accumulated in the seed coat, by 
its curing and anti-fungal properties, protect the seed against both abiotic and biotic stress factors.
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Introduction: Rhododendrons are shrubs with unique decorative values. New taxa of Rhododendron 
are created, which winter hardiness and ability to endure the hot summer months is subjected to nume-
rous tests. Rhododendrons are sensitive to low temperatures, and many species and varieties are not able 
to survive in Polish climatic conditions. Therefore, we are looking for species and varieties with higher 
resistance to temperature stress. On the other hand, rhododendrons require higher humidity, so dry and 
hot summers of our climate are not favour for their good growth and development.
Methods: Five taxa of Rhododendron were chosen for experiment: Rhododendron brachycarpum D.
Don ex G., Rhododendron purdomii Rehd. Et Wils., Rhododendron yakushimanum Nakai ‘Koichi-
ro Wada’, Hybrid 1: Rhododendron yakushimanum ‘Koichiro Wada’ x Rhododendron brachycarpum, 
Hybrid 2: Rhododendron purdomii x Rhododendron yakushimanum ‘Koichiro Wada’. The leaves were 
collected once a month and À uorescence of chlorophyll a, assimilation pigment content and electrolyte 
leakage were evaluated.
Results: Reduction of Fv/Fm and PI parameter was observed from November to April in case of all 
plants. The lowest value was recorded in the case of Hybrid 1 and Rhododendron brachycarpum D.Don 
ex G. Decrease of tested parameters were also noticed in July in most plants.
Conclusions: Both low winter and high summer temperatures impair the functioning of the leaves of 
rhododendrons. Distinct differences were observed between taxa. Rhododendron yakushimanum Nakai 
‘Koichiro Wada’ was extremely resistant to low temperatures. Hybrid 2 showed a higher tolerance to 
unfavorable temperatures than the Hybrid 1.
Acknowledgements: The research was funded by the Ministry of Science and Higher Education (BM 
4576/2015).
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Introduction: The invasiveness of some species of plants involves many risks. These plants are very 
easy to spread and colonize new areas, thus becoming the dominant species in the À ora, resulting inter 
alia reduction of biodiversity especially in relation to native species. In Europe, the giant goldenrod and 
canadian goldenrod are among the ¿ ve most expansive environmental weeds, originating from America. 
One of the factors that have an impact on changes in soluble carbohydrate content in the seeds of weeds 
is the environment. The aim of the study was to evaluate the effect of temperature on the content of so-
luble sugars in Solidago gigantea seeds.
Methods: For the samples was added 100 ȝl of xylitol (1 mg / ml), and 800 ȝl  50% ethanol. The sam-
ples were vortexed and then the extraction of sugars was performed in water bath (30 min., Temp. 90 
0C).  Samples were centrifuged for 30 minutes at temperature. 4 0C, the centrifugal force of 21 000 g 
. Then cation and anion exchanger were added to 400 ȝl of supernatants. The reaction was stirred 45 
minutes in a Vortex. After centrifugation, the samples were transferred to chromatographic vials and it 
was dried in a vacuum centrifuge. After that the HPLC was used to separate carbohydrates.
Results: Our research revealed that the low temperature affected on induction of synthesis and accumu-
lation of raf¿ nose family oligosaccharides (mainly raf¿ nose), while higher temperatures caused a fall. 
High temperatures affected on the increase in the trehalose content.
Conclusion: RFO are the source of spare material in plant seeds, play an important role in tolerance to 
abiotic stress. Trehalose is almost perfect protective factor in preserving the structure of many enzymes, 
cytoskeletal proteins and membranes. It is more stable than sucrose and is hydrolyzed at high tempera-
ture. Changes in temperature have a signi¿ cant impact in the synthesis of protective sugars.
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Introduction: Aerial-aquatic plants possess metabolic and developmental features that support growth 
in water, including anaerobic fermentation and aerenchyma formation. Flooding of terrestrial plants 
causes stress response and metabolic rearrangement to root hypoxia. Sium latifolium L. (Apiaceae) can 
grow both in water and on river banks. This study was undertaken to elucidate dynamics of adaptive 
processes in its terrestrial plants subjected to soil À ooding.
Methods: Laboratory juvenile S. latifolium plants were undergone to soil À ooding for 10 d. Samples 
were gathered after 2, 4, 6, 8, 24 h and 10 d. A key enzyme of anaerobic fermentation alcoholdehydro-
genase (ADH) was analyzed in roots and leaves by native electrophoresis and in root apices by cytoche-
mical staining. HSP70 was detected as a biomarker of the general stress syndrome by Western blotting. 
Morphological and light microscopy analysis was used to register changes in the root system. 
Results: The earliest reaction to À ooding was up-regulation of HSP70 for 2 h indicating a rapid unspe-
ci¿ c stress response. It follows by ADH induction – ¿ rst in roots and then in leaves. The synthesis of 
both proteins signi¿ cantly increased during the entire period of À ooding. Moreover, À ooding caused 
some increase in intercellular spaces in cortex of the lateral roots for the ¿ rst day followed by emergence 
of adventitious roots from the shoot base after 2 d. 10 d-old plants had a developed adventitious root 
system. In both lateral and adventitious roots, the highest ADH activity localized in the meristemic and 
elongation zones of apices.
Conclusions: The data showed consecutive activation of unspeci¿ c cellular protection, readjustment 
of energy metabolism (metabolic adaptation) and development of aerenchymatous adventitious roots 
(an oxygen shortage avoidance strategy). The systemic induction and prolonged synthesis of the stress 
protein and anaerobic enzyme, the ability for rapid adventitious rooting, as well as the cooperation of 
the aerobic and anaerobic energetic processes in time and space are considered as important features for 
high À ooding tolerance of S. latifolium.
17  Page 94 of 124 Acta Physiol Plant (2016) 38:17
POSTERS
95
Gene expression of plasma membrane H+-ATPase and Na+/H+-antiporter 
proteins in corn root cells under salinity conditions
N.O. Kovalenko
Kholodny Institute of  Botany of NAS of Ukraine, Tereschenkivska  street 2, Kyiv, 01601, Ukraine
correspondingଡ author kovalenko.nata14@ukr.net
 
Introductionଡ Salinization is the strongest stress factors for plants, which spreads rapidly due to global 
warming. The key factor of plant salinity tolerance is the control under intracellular ion homeostasis, 
they adapt to salinity maintaining a low concentration of Na+ in the cytosol by the active exclusion of 
sodium ion into the apoplast and vacuole. These processes are realized by secondary active Na+/H+-an-
tiporters energized by transport H+-pumps function.  Plasma membrane of root cells is the ¿ rst barrier 
to Na+, and therefore functional of H+-ATPase and Na+/H+-antiporter plays an important role in plant 
salt tolerance.
Methodsଡ Gene expression of plasma membrane H+-ATPase and Na+/H+-antiporter ZmSOS1 proteins in 
corn root cells have been studied by Semi-quantitative RT-PCR analysis. Total RNA was isolated from 
100 mg of fresh-weight roots of corn seedling which were exposed on 0.1M NaCl during 1 or 10 days. 
All procedure was carried out with reagent kit Fermentas (Lithuania), following the protocols and rec-
ommended thermal cycling conditions. Separation of  PCR products was performed electrophoretically 
in 1.5 % agarose gel with ethidium bromid, and analyzed  on densitometry.
Resaltsଡ It was found that 1-day NaCl exposition of seedlings stimulated the accumulation of plasma 
membrane H+-ATP-ase and Na+/H+-antiporter transcripts, but these effects disappeared at 10 day NaCl 
exposition, which correlates with their activity [1]. 
Four isoforms of H+-ATPases, where found: MHA1, MHA2 , MHA3,  and MHA4, where two last were 
the main ones. After 10 days NaCl exposition, a slightly increased expression of MHA4 isoform was 
observed.  
Conclusionsଡ Data suggests that active exclusion of sodium ion into apoplast occurs mainly on ¿ rst 
phase of stress, and MHA4 isoform of H+-ATPase it may play important role in the adaptation of plant 
cells to salinity.
Referencesଡ
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Introduction: Many various stress factors such as high or low temperature, starvation or osmotic stress 
can act as microspore embryogenesis (ME) inducers. During ME microspores are reoriented toward 
a sporophytic developmental pathway and embryo-like structures, which are able to regenerate haplo-
id or spontaneously doubled haploid plants (DHs). DH technology is very valuable tool for breeding 
practise, as well as for biotechnology and molecular studies. Although ME is one of the most often used 
process in DHs production, still its mechanism is elusive. To gain a better understanding of the mecha-
nisms controlling triticale (× TriticosecaleWittm.) ME, qualitative changes in anther proteome pro¿ les 
associated with ME induction were analysed.
Methods: The changes in protein abundance in anthers isolated from freshly cut and cold- treated tillers 
(3 weeks at 4°C) were analyzed in four selected DH lines with extremely different ME responsiveness. 
The proteins were extracted and resolved by two-dimensional (2-D) electrophoresis. Protein expression 
was evaluated by PDQuest 2-D software version 8.0 and compared among studied DH lines and treat-
ments. The protein species signi¿ cantly more abundant in responsive DH lines and after cold pretreat-
ment were chosen to identi¿ cation by MALDI-TOF/TOF analysis.
Results and conclusions: Together, 31 protein species were successfully identi¿ ed as proteins involved 
in determination of ME. The identi¿ ed proteins were mainly associated with metabolism, stress respon-
se and cell energy management. The 28% of identi¿ ed proteins were stress proteins, whichisassociated 
with stress application in order to ME induction.Heat shock 70kDa protein, L-ascorbate peroxidase or 
low temperature – responsive RNA-binding protein seems to be one of the most important. Their main 
function is to protect plant cells from negative stress inÀ uence, so they could play very important role in 
microspore surviving during ME-inducing treatment and in vitro cultures.To the best of our knowledge, 
the obtained results are the ¿ rst data focused on protein identi¿ cation associated with microspore em-
bryogenesis in triticale.
Acknowledgements:The research is supported by the National Project 2011/01/N/NZ9/02541
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Introduction: Phytohormones, such as auxin (IAA) and brassinosteroids (BR) play key role in the stim-
ulation of growth and development of plants. Although these hormones can operate independently, both 
of them may interact synergistically in the control of elongation growth in a variety of plant species, 
i.a. via changes of the activity of plasma membrane (PM) H+-ATPase. Moreover, BR has been found to 
enhance the tolerance to various stresses e.g. heavy metals (Bajguz, 2011). In order to study their roles in 
plants subjected to heavy metals stress, the effect of 24-epibrassinolide (24-epiBL, 1.0 and 0.1 ȝM) and 
indole-3-acetic acid (IAA, 10 M) on elongation growth of maize (Zea mays L.) coleoptile segments 
treated with Pb and Cd was investigated.
Methods: The experiments were carried out with 10 mm-long coleoptiles excised from 4-d-old etiolated 
maize seedlings. Growth measurements were performed using an angular position transducer. For mem-
brane potential recordings the standard electrophysiological technique was used (Kurtyka et al. 2011). In 
order to detect indolic compounds (including IAA) the colorimetric technique was applied (Wójcikow-
ska et al., 2013). In all experiments CdCl2 or PbCl2 at the ¿ nal concentration 0.1 mM was used.
Results: It was found that Cd was much more effective in decreasing elongation growth of maize co-
leoptile segments, than Pb. The application of 24-epibrassinolide (1.0, 0.1 ȝM.) signi¿ cantly enhanced 
elongation growth of maize coleoptiles, however the hormone at 0.1 ȝM had a higher growth-promoting 
effect. 24-epibrassinolide at the concentration of 0.1 ȝM mixed with Cd or Pb abolished the toxic effects 
of both metals. Electrophysiological experiments revealed the difference in BR and IAA action. BR 
addition combined with Cd or Pb enhanced the effect of metals on membrane potential.
Conclusion: Although our results point at ameliorative effect of 24-epibrassinolide-treatment on heavy 
metals stressed plants we exclude the direct involvement of PM H+-ATPase activity in this process.
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Introduction: Biscutella laevigata L. (Brassicaceae), a pseudometallophyte occurs in the Tatra Moun-
tains and at isolated localities in Polish lowlands (glacial relict) where it is found on zinc-lead waste 
heap. Although there have been various studies on adaptation, tolerance and genetic differenciation of 
this species (e.g., Antosiewicz 1995; Wierzbicka, Pielichowska 2004; Babst-Kostecka et al. 2014), devel-
opmental processes of plants from mountain and metalliferous populations have not yet been compared. 
Methods: Specimens were collected from Jaworzynka Valey in the Tatra Mountains and from old zinc-
lead mine spoils in Bolesáaw where calamine À ora has evolved. Flowers at different developmental stag-
es and seeds were ¿ xed in situ in FAA (Formalin-Acetic-Alcohol). Pollen viability was assessed with 
Alexander dye. For embryological observations paraf¿ n method with slides staining in Heidenhain’s 
hematoxylin combined with alcian blue and clearing method in methyl salicylate were applied.
Results: In the population from the Tatra Mountains viability (stainability) of pollen grains was very 
high, reaching 98±0.7%. Embryological processes in female line occurred properly in 95% of analyzed 
ovules. The frequency of degenerations of whole ovules and developing seeds was very low (9%).
Pollen viability in plants from Bolesáaw was reduced to 87±4%. Developmental disturbances and ne-
crotic processes during female gametophyte development were observed in 15% of ovules. They mostly 
included necrosis of whole female gametophytes or an egg apparatus (egg cell, synergids). Abnormal, 
conspicuously reduced in size, mature female gametophytes developed in 25% of ovules of which half 
degenerated. Aging of unfertilized, mature female gametophytes was observed in 10% of ovules. De-
generations at different stages of embryo development reached 15% and also affected ovules in À owers 
and in young siliques (9%). The frequency of one-seed siliques was almost the same (24%) as in the Ta-
tra population. 57% of fruits had two aborted seeds, whereas only 18% of siliques developed two normal 
seeds. The differences between the Tatra and calamine heap populations were statistically signi¿ cant. 
Conclusions: The study indicated that unfavorable environmental factors may have impact on embry-
ological processes of plants growing at the calamine waste heap. Reduced pollen viability, disturbances 
and degenerations affected female gametophyte and embryo along with decreased pollination of À owers 
inÀ uenced generative reproduction and reduced seed set. 
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Introduction: The ability of the plant tissues to survive the abiotic stresses is determined by coordinated 
changes at the level of transcriptome, proteome and metabolome. The research on metabolome of Ara-
bidopsis thaliana (Obata and Fernie 2012) showed that the changes in the composition and the content 
of metabolites might be common or speci¿ c for each abiotic factor. The study has tried to describe the 
inÀ uence of the cold stress on pea seedlings metabolome. The aim of the study was to detect the meta-
bolic markers of the tissues response to low temperature stress.
Methods: The effect of cold stress on polar metabolites in 7-day-old pea seedlings was studied. The 
metabolites were analyzed separately in cotyledons, epicotyls and roots. Separation and identi¿ cation of 
polar metabolites were carried out by GC and GC-MS methods.
Results: There were 47 identi¿ ed metabolites from ca. 100 compounds occurring on each chroma-
togram. Among identi¿ ed metabolites dominated: carbohydrates, amino acids and organic acids and 
phosphoric acid. Glucose and sucrose, homoserine and citric acid were the main compounds among 
carbohydrates, amino acid and organic acid, respectively. The tissues of seedling (epicotyls and roots) 
accumulated: proline, asparagine, homoserine, glutamic acid, GABA, sucrose and raf¿ nose in response 
to cold stress. Changes in the content of organic acids were not annotated. No changes at the level of 
polar metabolites in cotyledons were observed.
Conclusions: Cold stress affected quantitative changes at the level of polar metabolites in epicotyls and 
root tissues, but not in cotyledons. Cold stress affected mainly amino acid and carbohydrate content. Our 
results indicate that sucrose and raf¿ nose seems to play the most important role in the tissues response 
to cold. 
References: 
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Introduction: Drosera spatulata Labill. (sundew) is a carnivorous plant. This species has attracted con-
siderable attention because of the ecological as well as the medical value. From hundreds of years the 
extract from Drosera plants, due to the naphthoquinone (secondary metabolite) content [Crouch 1990], 
was used in the treatment of lung diseases, like: whooping cough, tuberculosis, pneumonia [Finnie, 
Staden 1993].  Apart from their medicinal signi¿ cance, Drosera plants have also ornamental value.In 
vitro cultures of Drosera plants enable not only saving of endangered or rare species but also production 
of material for pharmaceutical purposes. Although, direct in vitro multiplication of D. spatulata plants 
is well-developed, achieving of high callus induction and proliferation ef¿ ciency remains a problem.   
Environmental factors are a source of stress, which on the one hand, represents a threat to the growth 
and development of plants, on the other hand can modify the plants’ metabolism, contributing to a more 
ef¿ cient use of their habitat.
Light is one of the most common source of stress either in natural or in in vitro culture conditions. The 
reaction of the sundews tissue culture on different light quality and quantity conditions in terms of or-
ganogenesis and callus induction ef¿ ciency improvement was examined. 
Methods: The D. spatulata leaves were placed on abaxial side, on 1/2 MS medium (pH=5,8): (1) with-
out growth regulators; (2) with 1 mg × l -1 6 – BAP and 0,1 mg × l-1 NAA. Both combinations were treat-
ed by white - control (maximum peak 440 [nm]), pink (maximum peak 442 [nm]) and violet (maximum 
peak 452 [nm]) LED light in three intensities: 85, 120 and 180 [ȝmol (quantum)× m-2 × s-1] in 16/8 (day/
night) photoperiod for 30 days in temperature 24±1°C. 
Results: The most effective organogenesis has been found for explants under the white LED light (con-
trol) in 120 [ȝmol (quantum)× m-2 × s-1] light intensity on regulators-free medium. On the medium with 
growth regulators the strong water stress was observed, mostly under the violet LED light. Pink and 
violet lights induced synthesis of anthocyanins and formation of callus-like structures, from which new 
shoots regenerated.
Conclusions: Light stress caused in Drosera spatulata plants induction of adaptation mechanisms mani-
fested by: on the one hand higher secondary metabolites production, and on the other hand higher direct 
and indirect (callus-like structure) micropropagation ef¿ ciency.
References: 
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Introduction: Antibiotics are used on a large scale in human medicine and veterinary. Tetracycline has 
been detected in manure, soil and water (Kim and Carlson, 2007). A half-life of tetracycline in soil is 
from 4,5 to 180 days (Sarmah et al., 2006). Drugs are taken up by plants from soil contaminated and  can 
have a toxic effect on plants. (Adomas et al. 2013).
Methods: The inÀ uence of incremental tetracycline doses (3, 16, and 33 mg/kg soil dry mass) on guaia-
col peroxidase activity in pea seedlings (Pisum sativum L.) was determined based on spectrophotometric 
detection. The absorption rate increase was measured in room temperature at the wave length of 470 nm. 
Chlorophyll content in pea leaves with a Minolta SPAD-502 chlorophyll meter and osmotic pressure of 
seedlings with a Scholander bomb (MODEL 300) were measured on the third day after adding tetracyc-
line solutions to the pots. 
Results: The current research demonstrated a decrease of chlorophyll content by 4, 15 and 30%  and 
osmotic potential of stems by 3, 13,5 and 16,5% with increasing concentration of tetracycline in soil. 
Teracycline  treatment (33mg/kgof soil) increased guaiacol peroxidase activity by 5% in pea seedling. 
Moreover, no differences were detected in the activity of guaiacol peroxidase in 3, 16mg of tetracycline. 
Conclusions: The studies demonstrated the toxic effects of tetracycline on pea on third day after the 
supplementation soil of the antibiotic. Moreover, tetracycline caused an oxidative stress reaction in 
seedlings.
References
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Introduction: Mostly, excessive cadmium levels in living organisms negatively interferes with essential 
physiological processes and thus lead to the inhibition of plant growth and development. However, some 
studies indicate that a toxic substance can sometimes have a stimulatory effect at low doses (Calabrese 
and Blain, 2009). 
Methods: In vitro cultures of Dianthus carthusianorum calamine ecotype were established on modi-
¿ ed MS medium (Murashige and Skoog, 1962). Six concentrations of cadmium chloride were tested: 
0.5M, 1.0M, 2.5M, 3.0M, 5.0M and 5.5M CdCl2. Biometric measurements were taken at regu-
lar intervals. The content of photosynthetic pigments (Wellburn, 1994) as well as phenolic compounds 
(Fukumoto and Mazza, 2000) were determined. 
Results: The low dose of CdCl2 did not affect plants growth. The best multiplication of shoots was as-
certained on a medium containing 3.0M and 5.5M CdCl2 (5.4 shoots per explants, on average) and it 
was two times higher in comparison to medium without Cd ions. Moreover, the contents of chlorophyll 
a and b tended to decline with the increase of Cd concentrations in the medium. The highest values were 
determined in cultures treated with 1.0M CdCl2 (1.7 and 0.5 mg/g f.w. for chl a and b, respectively) and 
the lowest - in cultures exposured to 5,5 CdCl2. 
Conclusions: Results indicate that low concentration of Cd2+ had a stimulatory effect on shoots multi-
plication and shoots length as well as photosynthetic pigment composition of studied D. carthusianorum 
ecotype.
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Introduction:  Soil waterlogging and À ooding are the one of the major abiotic stresses for plants.  This 
stress provokes the appearance of a serious problem for agriculture and a major determinant of species 
preservation. Lignin and its components are participated in adaptive cellular mechanisms of submerged 
plants to inÀ uence of À ood. The data examines the participation of cell wall syringyl and guaiacyl (mo-
nolignols) in cellular mechanisms of À ooding tolerance of plants in natural À ooding.
Methods: Submerged leaves and submerged adventitious roots of Trapa natans, which grown on beach 
of the Rusanivskiy canal (left Shore of Dnepr River, in Kyiv) on the depth to 80-100 cm, at À owering 
stage were used for the investigations. The cytochemical method accordingly to  Wuyts et al. (2003) 
was used for the study of both distribution monolignols (syringil and gvajacyl) and relative content of 
its in cell walls of differ tissues with use of diphenylboric acid-2-aminoethyl ester. The localization of 
monolignols was analyzed with laser scanning microscope LSM 5 Pascal (Germany) and the content of 
monolignols was determined with Pascal program.
Results: The comparative cytochemical analysis of different tissues of submerged adventitious roots 
of Trapa natans is shown the presence of syringyl and guaiacyl in epidermis, cortical region and stele 
cells. But relative content of these monolignols was distinct in cell walls of epidermis, exoderm, en-
doderm, pericycle and vessels of central cylinder. Maximum value of  syringil and guaiacyl was in walls 
of vessels and walls of cortex, which formed radial aerenchyma. Whereas, epidermal cells submerged 
leaves are revealed maximum content of monolignols. It was established the certain polarity of syringil/
gvajacyl ratio in cell walls that characteristic for every organ.
Conclusions: The studies encourage concept that under plant À ood the monolignols of cell walls of 
Submerged leaves and submerged adventitious roots are involved in cellular and functional mechanisms 
of tolerance to nature À ooding of plants.
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Introduction: Cereals are one of the earliest sown crops and therefore they are often exposed to tempo-
rary waterlogging in the spring. The aim of the study was to determine the effects of 5-aminolevulinic 
acid (5-ALA), zearalenone (ZEN) and triacontanol (TRIA) on the seedlings of two cultivars (Zebra and 
Katoda) of spring wheat during À ooding.
Methods: Following foliar application of the investigated regulators, water level was maintained for 14 
days at the same level as soil line in a vase. After two weeks, the following parameters were estimated: 
photochemical activity of PSII, chlorophyll and proline leaf content, relative turgescence, electrolyte 
leakage from the leaves, seedling length and fresh and dry weight of leaves.
Results: In both studied cultivars, ALA and ZEN partially counteracted seedling growth inhibition 
during À ooding. Additionally, ALA-treated leaves showed higher turgescence, more pronounced in Ze-
bra. In Katoda triacontanol also partially prevented a decrease in leaf turgescence. The investigated 
regulators did not affect proline leaf content. In Zebra cv. ALA prevented chlorophyll degradation. All 
the substances affected also photochemical ef¿ ciency of PSII. In Katoda plants, all the regulators par-
tially prevented a reduction in maximum potential quantum ef¿ ciency of photosynthesis, while in Zebra 
this effect was perceived only for ALA and ZEN. In this cultivar, protective activity of these substances 
involved maintaining general ef¿ ciency of PSII and spraying with ALA completely neutralized the ef-
fects of À ooding. ALA prevented also a decline in the ef¿ ciency of using absorbed photons for electron 
transport chain. The same effect was observed in Katoda after spraying with TRIA.
Conclusions: Root À ooding for 14 days affected plant growth and functioning. Preventive spraying with 
regulatory substances may partially compensate the loss caused by crop À ooding.
Acknowledgements: The study was performed under a research project funded by a statutory grant de-
signed for conducting scienti¿ c research, developmental works and related tasks, the aim of which was 
the development of young scientists dec. 5457/E-189/M/2012.
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Introduction: Among many factors negatively affecting plant growth and development, soil water shor-
tage is particularly disadvantageous. In addition to breeding procedures, plant drought resistance can be 
probably greatly improved by applying biologically active substances. The aim of the experiment was 
to determine the effect of aminolevulinic acid (ALA), triacontanol (TRIA) and zearalenone (ZEN) on 
water management in maize.
Methods: The experiment included maize plants grown in controlled greenhouse conditions. The plants 
were exposed to soil drought and sprayed with the investigated preparations. After that, their osmotic 
potential, water potential and gas exchange rate were evaluated. Water hydraulic conductivity in xylem 
was also assessed.
Results: Foliar application of ZEN during soil drought resulted in higher relative water content than in 
control plants. Leaves of the plants treated with TRIA and ALA showed lower osmotic potential than the 
control ones, while spraying with ZEN lowered leaf water potential. These relationships between water 
and osmotic potential and relative water content may suggest osmotic adjustment. In plants exposed 
to water shortage, ALA, TRIA and ZEN strongly induced net photosynthesis, by 85.4%, 109.4%, and 
138.2%, respectively. This increase was accompanied by higher transpiration, stomatal conductance and 
photosynthetic water-use ef¿ ciency and lower intercellular CO2 concentration in ZEN and TRIA spray-
ed plants. The plants sprayed with ALA experienced increased net photosynthesis and photosynthetic 
water-use ef¿ ciency and simultaneous drop in intercellular CO2 concentration. No signi¿ cant changes in 
xylem conductivity were observed either in control or in any experimental variant.
Conclusions: ALA, TRIA and ZEN may modify plant water management by affecting plant osmotic 
potential and water potential, net photosynthesis and gas exchange. Effects of the investigated regulators 
depended on a developmental stage, growth conditions and time from the regulator application. 
Acknowledgements: The study was performed under a research project funded by a statutory grant de-
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Introduction: Many plants affected by water de¿ cit and drought have developed different protective 
mechanisms, in particular, morphological, cell structure changes and regulation of membrane permeabi-
lity. Lipids play a fundamental role in determining the physical and chemical properties of membranes. 
Our aim was to reveal biological effects of moderate water de¿ cit on plasmalemma lipid composition in 
roots of two Z. mays varieties: drought-resistant “Dostatok” and non-resistant “Pereyaslavska”. 
Methods: Plants were grown in containers on sand substrate for 21-22 days under 80% relative ¿ eld 
capacity for plants (control) and 30% (experimental water de¿ cit). The microsomal fractions enriched 
by plasmalemma were obtained from maize roots by two-phase aqueous polymer technique (Larsson et 
al., 1994). Lipids were extracted from plasmalemma and their composition was analyzed by reversed-
phase high performance liquid chromatography. 
Results: Maize membrane lipids are mainly phospho-, glycolipids and sterols, the ratio of them is diffe-
rent in two varieties. Water de¿ cit causes the increase of estimated sterol proportion in fractions of pla-
smalemma: in 32.6% of total lipids for “Dostatok” and in 27.5% of total lipids for “Pereyaslavska”. This 
indicates the stabilization of the membrane under water de¿ cit via decreasing its À uidity that is resulted 
from limitations of ion transport. In both varieties, water de¿ cit led to decrease of total amount of glyco-
lipids. This phenomenon occurs due to the inhibition of cell signaling function. The major phospholipids 
are presented by phosphatidylcholine (PC), phosphatidylethanolamine (PE), phosphatidylinositol (PI) 
and phosphatidylglycerol (PG). Dehydration caused a sharp decrease in major phospholipids.
Conclusions: “Dostatok” proved to be more adaptive to water de¿ cit. Changes in the lipid composition 
are important for determination of adaptive responses, which implementation depends on stress intensi-
ty factor and stabilization of the membrane aimed to protect cells against harsh environment.
References
Larsson C. et.al. Methods in Enzymology. 1994, 228: p.451-469
17  Page 106 of 124 Acta Physiol Plant (2016) 38:17
POSTERS
107
The activity of H+-ATPase in the microsomal fractions enriched 
with fragments of plasmalemma from the roots of =HDPD\V 
under different water regimes
I.I.Ovrutska,  D.A.Blyuma
Institute of  Botany of  National Academy of Sciences of Ukraine, Department of Cell Biology and Anatomy, 
Kyiv, 01601, Ukraine
Corresponding author: e-mail: airin1900@gmail.com
Introduction: Water de¿ cit is the most limiting factor of crop production. Nonspeci¿ c response of 
plants to stress effects includes several interrelated mechanisms.
Methods: We investigated the functioning of the H+-ATPase and gene expression of this enzyme in the 
microsomal fractions enriched with fragments of plasmalemma (PM) from the roots of maize plants 
of two varieties: Dostatok (drought-resistant) and Pereyaslivska (drought-sensitive). The plants were 
grown under conditions of suf¿ cient water supply (moisture content of the substrate 80%) and under 
conditions of water stress when the substrate moisture 30% for 10-15 days. 
Results: We found the increased hydrolytic activity of H+-ATPase under drought (2 times in Dostatok 
and 1.3 times in Pereyaslivska variety), as well as the opposite effect of the drought on the transport ac-
tivity of H+-ATPase (2,3 times in Dostatok and 1.2 times in Pereyaslivska). In the roots of both varieties 
we showed the presence of four isoforms of H+-ATPase - MHA1, MHA2, MHA3, MHA4, and determined 
the expression pro¿ le of genes encoding these proteins. It was established that the level of gene expres-
sion in both varieties under conditions of water stress was higher than under suf¿ cient water supply. The 
data on gene expression correlate with those on hydrolytic activity of the enzyme, which was also higher 
under shortage of water. 
Conclusions: The isoforms MHA2 and MHA4 have the highest level of expression and, obviously, they 
are responsible for the action of stress factor. It is assumed that the hydrolytic activity of H+-ATPase in 
PM roots of two studied maize varieties was regulated at the transcriptional level.
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Transcript pro¿ ling of aquaporin genes during cold acclimation 
in )HVWXFDSUDWHQVLV genotypes with distinct level of frost tolerance
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Institute of Plant Genetics, Polish Academy of Sciences, Strzeszynska 34, 60-479 Poznan, Poland.
Introduction: The presented study considered the analysis of transcript accumulation of three aqua-
porin genes (TIP1-1, PIP1-2 and PIP2-1) in two Festuca pratensis genotypes differing signi¿ cantly in 
their level of frost tolerance: high frost tolerant (HFT) and low frost tolerant (LFT) genotype (Kosmala 
et al. 2009). 
Methods: The transcript level was estimated using real time qRT-PCR with TaqMan assay in CFX 96 
Bio-Rad thermal system. Relative expression of analyzed genes at the four different time-points of cold 
acclimation (after 3, 5, 7, 14 and 21 days of cold treatment) with respect to the control time-point (1 day 
before cold treatment) was calculated with the 2-ǻǻCT method according to Livak & Schmittgen (2001). 
Actin and ubiquitin genes were used as internal controls. 
Results: During the whole process of cold acclimation the reduced level of transcript of each analyzed 
gene was observed in both F. pratensis genotypes. The transcript level of TIP1-1 and PIP2-1 decreased 
on the 3rd day of cold treatment. The level of PIP1-2 transcript À uctuated under cold in both analyzed 
genotypes. In the LFT genotype, its lowest accumulation level was observed on the 5th day of cold accli-
mation, and then it increased slightly. In the HFT genotype, gradual drop of its level was observed until 
the 14th day of cold acclimation and then, on the 21st day of cold acclimation, it increased again. 
Conclusions: The obtained results revealed that cold acclimation process had a signi¿ cant impact on 
the aquaporin transcript accumulation in both F. pratensis genotypes. Further research on the analyzed 
aquaporin gene expression at the proteome level is required for better understanding of aquaporin in-
volvement into F. pratensis adaptation to low temperature stress.
References.
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Anatomical analysis of wheat stem under stress conditions
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Introduction: Wheat and other grasses are capable to store excess carbohydrates within the stems, what 
is essential for maintaining yields when different stress factors reduce capacity for photosynthesis. The 
aim of this study was to detect genotypic variation in wheat stem anatomy under stress and to reveal 
distribution and localization of different types of carbohydrates. 
Methods: The experiment was performed on 44 wheat genotypes grown in ¿ eld conditions and exposed 
to two treatments: control plants and plant defoliated in early generative phase, what was the simulation 
of limited photosynthesis in leaves. Number of vascular bundles per stem, area of chlorenchyma, area of 
non-assimilating parenchyma, area of ligni¿ ed tissue area and whole section area were observed from 
stem samples were collected before defoliation, 9 days after anthesis, while yield parameters were mea-
sured at the end of growing season. For stem non-structural carbohydrates localization histochemical 
methods were used, Fehling test for monosacharides (Purvis et al 1964) and Lugol test for starch (Jensen 
1962). 
Results: Our results have shown that the lowest differences between control and treated plants in spike 
weight and one hundred grain weight are in genotypes which have higher number of bundles, higher 
area of parenchyma and stem cross section area. Histochemical stainings have shown that, monosaccha-
rides were detected in signi¿ cant amounts in the photosynthetically active parenchyma cells located at 
the periphery of wheat stem, especially in exposed part of peduncle, while the main tissue responsible 
for starch partitioning during the phases before grain ¿ lling is non-photosintheticaly active parenchyma 
tissue, especially within leaf sheat. 
Conclusions: This evidence provides one opportunity for further investigations for crop improvement, 
since selection and creating new genotypes with larger stem, and consequently, larger amount of paren-
chyma in the stem will probably offer greater possibility for plants to increase productivity, especially 
in the stress condition.
References.
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SomeLQYLWUR physiological response of 1LFRWLDQDUXVWLFD 
to salt stress after Ethanolamine pretreatment
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Introduction: Salt stress is one of the most important factors that endanger plant growth and producti-
vity. Application of compounds which increase plant resistance to salt stress obviously has signi¿ cant 
importance in reduction of economic losses.  One of these compounds which can protect plants against 
detrimental effects of stresses is a biological alcohol called ethanolamine (EA). The present study aimed 
to understand the way by which EA exerts its protecting effect against salt stress. 
Methods: Before salt treatment, in vitro grown tobacco plants were pretreated with ethanolamine (EA) 
under in vitro culture condition then transferred to MS medium containing 200mM NaCl. After three 
weeks, MDA was measured using Heath and Packer (1968) method. Amount of H2O2 was measured 
using method of Velikova et al. (2000).TAL activity was measured by method of Beaudoin et al., (1985). 
Flavonoid content was also measured based on the method of Chang et al., (2002).
Results: The total antioxidant capacity and photosynthetic pigments compared to the un pretreated 
plants were increased. In contrast, H2O2 content was decreased under similar conditions. The results 
revealed that EA treatment elevated level of soluble and reducing sugars, TAL (tyrosine ammonia lyase) 
activity, anthocyanin content but reduced level of MDA, total À avonoid, tannin and total phenol content 
in plants under salt stress condition (200 mM NaCl).  
Conclusion: According to present data, it is suggested that EA exerts its protective effect on tobacco 
plants by increasing of osmolyte and anthocyanin content and deacreswing of MDA content.
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Seasonal variation of photosynthesis in male and female individuals 
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Introduction:  Dioecy ensures outcrossing in some plant species. It is posited that this adaptation has 
to be paid at different extent by male and female individuals with resources allocation to reproduction. 
We hypothesize that a greater female effort for reproduction than that of male will be reÀ ected with their 
lower photosynthetic capacity. The differences in photosynthetic parameters between male and female 
plants will change seasonally depending on their developmental stage. Additionally, a stress of nutrients’ 
de¿ cit will affect photosynthesis and increase differences between the sexes.
Methods: The apparent maximal electron transfer rate (ETRmax), saturation level of photosynthetic pho-
ton À ux (PPFsat) and quantum yield of PS II at PPFsat were determined from the light À uorescence curves 
obtained using À uorescence monitoring system (FMS 2, Hansatech, Norfolk, UK). The curves were 
generated in chronosequence with respect to the developmental stages of yew.  
Results: The photosynthetic parameters calculated from the light curves varied seasonally. There were 
not signi¿ cant differences between the male and female individuals in ETRmax in September 2013, but 
these differences were at the limit of the signi¿ cance level (P = 0.053) in September 2014. The mean va-
lues of PPFsat did not differ signi¿ cantly between the sexes. The seedlings growing without fertilization 
showed lower photosynthetic capacity compared with fertilized seedlings.
Conclusions: The seasonal variation and fertilization treatment effects on the photosynthetic characte-
ristics of Taxus baccata were more pronounced that the differences between the male and female indi-
viduals resulting from resources allocation for reproduction. 
Acknowledgements: The project was ¿ nanced by the Polish National Science Centre based on the de-
cision number DEC-2012/07/B/NZ9/01314.
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Introduction: The aim of the work was to study the oxidation reaction induced by ozone in the system: 
Į-toc layer spread on the aqueous subphase containing dissolved gallic acid (GA). These studies are 
a continuation of previous work in which the modi¿ cation of the physical properties of galactolipid 
layers due to oxidation and protection action of Į-tocopherol were examined [Rudolphi-Skórska et al., 
2014]. The results obtained in the model system has been confronted with the physiological parameters 
of wheat calli exposed to ozone.
Methods: Į-toc layers were characterized by Langmuir through technique. Ozone and GA concentra-
tions were determined spectrophotometrically. Physiological and biochemical tests were made for wheat 
calli grown in the presence of Į-toc and GA and next exposed to ozone.
Results: Oxidation of Į-toc was studied as a function of ozone content in the subphase (10-2 M PBS pH 
7.0) containing GA. With increased ozone level a-toc oxidation results in the formation of charged prod-
ucts which affect the tocopherol layer properties. In the presence of GA a shift of tocopherol resistance 
to oxidation to the higher ozone levels is observed. Changes in antioxidative enzymes activity and in 
content of non-enzymatic antioxidants in the calli cells indicate the protective action of tocopherol and 
GA.
Conclusions: Ozone threshold levels at which signi¿ cant changes of physicochemical properties of 
Į-toc layers occur were determined in model experiments. Obtained results do not con¿ rm the literature 
reports about synergistic effect of Į-toc and GA, at least under applied conditions. Both antioxidants 
contribute to the ¿ nal result but the effective impact is smaller than the estimated decrease of ozone 
content due to the bulk reaction with GA. The products of tocopherol oxidation stabilize both: the layers 
of tocopherol alone and in mixture with galactolipid. The trends found in model systems were partially 
con¿ rmed by in vitro studies of biological objects.
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Effects of light and temperature stress on the changes 
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Introduction: Anthocyanins are pigments occurring in petals, fruits, leaves, and stems. The role of 
these pigments in vegetative organs is little known, and their intensi¿ ed synthesis in these organs is 
associated with abiotic or biotic stress. The plants of two species: Oxalis corniculata and Oxalis aceto-
sella, used in experiments, differ in anthocyanin content in their leaves and petiole. O. acetosella grows 
deep in forests in strongly overshadowed places with high levels of moisture whereas O. corniculata 
occurs often on sandy soils in open locations. For this reason, an attempt has been undertaken to esta-
blish whether there is a relationship between the increased light intensity and low temperature, and the 
changes in concentrations of anthocyanins, chlorophyll, and the intensity of gas exchange in the leaves 
of the two studied species. The measurements of gas exchange indicate the connection between the con-
tent of anthocyanins and chlorophyll in the studied plant species, and the intensity of light in the natural 
conditions where they have grown. O. corniculata, when growing under high light intensities, has red 
leaves whereas in plants growing in shadow the content of anthocyanins in leaves is evidently lower.
Methods: The intensities of net photosynthesis (PN) and respiration (R) of leaves of the studied plants 
O corniculata and O. acetosella were determined by the infrared gas analyser ADC-225 MK-3. The 
concentration of anthocyanins was determined spectrophotometrically according to a method proposed 
by Schmidt and Mohr (1981). The chlorophyll concentration was determined according to the methods 
Barnes et al. (1992). The parameters of chlorophyll a À uorescence (F0, Fv, Fm, Fv/Fm) in leaves of the 
genus Oxalis maintained under temperature or light stress were determined with the use of FMS-1.
Results: The net photosynthesis (PN) of O. acetosella and O. corniculata leaves from the shaded places 
when placed under higher light intensities (200 mol m-2 s-1) is signi¿ cantly lower by 35–65%, whereas 
the respiration intensity increases by ca. 50–90%. On the other hand, photosynthesis in red leaves from 
insolated places does not undergo such remarkable changes when placed under high light intensities. 
The prolonged keeping of the studied plants of the genus Oxalis in low temperature (3oC), does not 
result in such evident changes in the intensity of photosynthesis which is particularly remarkable in the 
red leaves of O. corniculata. Transferring the plants of the genus Oxalis to stressful conditions causes an 
evident increase in anthocyanin content by 150% in the green leaves of O. corniculata. The parameters 
in the À uorescence of chlorophyll a in conditions of high light intensity are clearly lower in the case of 
plants previously growing in strongly shaded places. 
Conclusions: The accumulation of anthocyanins under the studied stress factors limited damage to the 
photosynthetic apparatus, which has been con¿ rmed by the measurements of photosynthesis and À uore-
scence parameters of chlorophyll. 
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Introduction: Antibiotics have been used for decades for the treatment of diseases in humans and 
animals, until recently, was also allowed their use as growth promoters. Large-scale application and 
the incomplete metabolism in the body resulting in their occurrence in the aquatic environment and in 
the soil. NorÀ oxacin belongs to the group of À uoroquinolone antibiotic and is used in large amounts in 
veterinary practice and animal husbandry.
Methods: Plant material: twenty days sugar pea seedlings. The aim of this study was to determine the 
effect of norÀ oxacin on the dry mass content, peroxidase activity and chlorophyll content. 
Results: Performed analysis shows the impact of the antibiotic on the dry matter content of plants, it 
increased in the following days with increasing concentrations of the antibiotic. The highest dry mass 
content (15.5 %) was found on the third day of treatment with an antibiotic at the highest concentration 
(5 mM). The chlorophyll content is a measure of the physiological condition of plants, has been shown 
decrease in chlorophyll content with increasing drug concentration. Analysis of the activity of peroxida-
se showed an increase with an increase in the content of the antibiotic in the medium, the highest activity 
(1.7 U) was in 5 mM. 
Conclusions: Studies have shown that the norÀ oxacin present in the substrate with increasing drug 
concentrations and exposure times (3, 4, 5 days) increased: dry mass content and guaiacol peroxidase 
activity of pea seedlings, while reduced chlorophyll content in the leaves.
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Introduction: The potato (Solanum tuberosum L) is a plant typical of temperate climate. The limits 
and optimal values for the growth of the above-ground part of the potato plant and for the tubers are 
different. Haulm growth is fastest in the temperature range of 20-25°C whereas the optimal range for tu-
berization and tuber growth is 15-20°C. Under high-temperature conditions, tuberization is signi¿ cantly 
inhibited. In the research work the chlorophyll À uorescence techniques are used for assessment of potato 
genotypes tolerant and sensitive to environmental stresses (Rykaczewska 2015). The aim of this work 
was to study the response of selected potato cultivars to high temperature during the different period of 
growing season using chlorophyll a À uorescence parameters. 
Methods: The pot experiment was carried out in 2014. The following early cultivars were tested: Lord, 
Miáek (very early), Gwiazda, Hubal (early), Oberon, Tetyda (medium early) The impact of high tempe-
rature day/night 38°C/25°C on potato plants was tested in growth chamber in four periods: I – May 16-
31, II – June 1-15, III—June 16- 30 and IV—July 1-15. In these periods half of the plants were watered 
to a level close to optimal (Favourable Soil Moisture), while the other half remained without irrigation 
(Soil Drought). After the end of high temperature periods, measurements of chlorophyll a À uorescence 
were performed with a Pocket PEA ( Hansatech, UK). Determined parameters were: Fv/Fm - the ratio of 
variable to maximal chlorophyll À uorescence and PI – the performance index of photosystem II.
Results: High temperature negatively inÀ uenced PI and Fv / Fm parameters  in tested plants, and its 
effect was dependent on the period of stress application and on the cultivar. The value of PI was reduced 
on average by 68% in the case of high temperature under Favourable Soil Moisture conditions and by 
99% under Soil Drought conditions. The value of the parameter Fv / Fm decreased respectively by 9% 
and 68%.
Conclusion: Results indicate that chlorophyll a À uorescence parameters are very sensitive indicators of 
the physiological status of potato cultivars which can provide very rapid assessment of plant performan-
ce under high temperature conditions.
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Introduction: Coumarins are a wide group of secondary metabolites that are involved in plant’s respon-
ses to various environmental factors like microbes, pests and oxidative stress (Osbourn 1999). In the 
last years, coumarins, namely scopoletin, scopolin, skimmine and esculin, were identi¿ ed in roots and 
shoots of Arabidopsis thaliana reference ecotype Columbia (Bednarek 2005; Kai et al. 2006). Recently, 
it was shown by our group that a signi¿ cant natural variation in the accumulation of scopoletin and 
scopolin is present among seven A. thaliana ecotypes (Siwinska et al. 2014). The research presented 
here, aimed at broad pro¿ ling of coumarins in the tissues of 27 ecotypes originating from different geo-
graphical locations. The selected ecotypes come from different habitats and exhibit natural variation in 
a range of traits including secondary metabolites accumulation (Koornneef et al. 2004). 
Methods: Plants were grown in vitro in the liquid cultures. Secondary metabolites were extracted from 
the leaves and roots separately and subsequently were analyzed by UPLC-MS.
Results: Coumarins were accumulated mostly in roots of Arabidopsis, while in the leaves only scopo-
letin and scopolin could be quanti¿ ed. In the roots of all studied ecotypes scopoletin, scopolin, umbelli-
feron and skimmin were quanti¿ ed, showing the highest amount of scopoletin and its glucoside scopo-
lin. Importantly for the ¿ rst time, umbelliferon was detected in Arabidopsis roots. Esculetin, coumarin 
and their glucosides were quanti¿ ed in roots of only a few ecotypes. 
Conclusions: The developed method was successfully used to quantify 8 coumarins. We found that signi-
¿ cant natural variation in the accumulation of some coumarins is present among roots of 27 Arabidopsis 
ecotypes. The observed phenotypic variation may reÀ ect an adaptation to the speci¿ c environmental factors.
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Introduction: Photosynthetic pigments contents is often measured in plants in order to assess the impact 
of environmental stress (Parekh, 1990). Heavy metals, present in environment, can cause a decrease in 
chlorophyll and carotenoids contents because of enzyme inhibition, disturbances in mineral nutrition, 
distortion of chloroplast ultrastructure or induction of the oxidative stress (Gonçalves et al. 2009).
Methods: Pigments extraction was conducted according Inskeep and Bloom (1985) with 80% acetone 
form fresh leaves of Maianthemum bifolium (L.) F.W. Schmidt collected in three acid beech forests sit-
uated within the Upper Silesian Industrial District, with relatively high levels of Pb, Zn and Cd in soils. 
Control area was located in the nature reserve in CzĊstochowa Uppland, less endangered by anthropo-
genic pollution. 
Results: The a, b and total chlorophyll contents were respectively 13, 22 and 13%  lower at the control 
site, and the highest at the most polluted site with Pb level over 1000 mg kg-1, Cd over 6 mg kg-1 and Zn 
over 800 mg kg-1. However the chlorophyll a/b ratio was higher at the control site, as well as carotenoids 
(13-25% higher content than at the polluted sites).
Conclusions: Although the chlorophyll contents at the polluted sites were higher than in the control, the 
reduction in the chlorophyll a/b ratios and carotenoids content may suggest toxic effect of the metals.
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Introduction: Understanding of how plant functional traits inÀ uence invasion could help to predict the 
development of effective biodiversity conservation strategies. In Lithuania, the invasive Washington 
lupine (Lupinus polyphyllus Lindl.) occupies many natural habitats. Because of global warming, know-
ledge of its physiological responses to elevating temperature is needful for spread forecast. Early plant 
development depends on the successful orientation of emerging root and anchoring in the soil. Therefo-
re, the main objective of present study was to reveal root responses of developing lupine seedlings to an 
increase in environmental temperature.
Methods: The seedlings were grown in the dark, at the temperature of 25° and 30°C. Appropriate ma-
nipulations have been applied according to the aim of each experiment. Establishment of gravitropic 
competency was determined as a period based on 50% of the emerged roots which curved towards the 
direction of gravity. The analysis of root gravitropic responses has been started from the 16th hour after 
sowing. The cell growth in test root caps was analyzed by light microscopy.
Results: Gravitropic competency of roots was established about 22 h after seed imbibitions. There were 
determined any dependence between the increase of temperature and this root trait. The elevated tem-
perature had any effect on the onset of gravity sensing cells formation in root caps. However, the growth 
of roots, the growth of root cap cells as well as the development and sedimentation of statholits-amy-
loplasts proceeded slower under these conditions.
Conclusions: Obtained effects of elevated temperature on gravitropism and growth demonstrate the 
decrease of possibilities to grow into the soil towards the gravity in protruding and developing roots of 
invasive Washington lupine. It might indicate a less invasiveness of this lupine in the future.
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Introduction: Cirsium arvense (creeping thistle) is troublesome and dif¿ cult to exterminate weed. The 
creeping thistle diaspores, after being released from the mother plant, get to the soil surface and become 
the seedbank. The seeds germinate in the spring–during the best time for the growth and development of 
the new plant. The aim of this research was to understand relationship between changing environmental 
conditions during the burial of the creeping thistle diaspores in the soil seedbank and the soluble carbo-
hydrates content in the seeds and their ability to germinate.
Methods: The creeping thistle seeds were collected in the summer 2012. The seeds were divided into 10 
portions and in the autumn buried in the soil on the depth of 11 cm. Each month, for a year, one portion 
of the seeds was dug up, after which the ability to germinate and the content of soluble carbohydrates 
were analysed. The carbohydrates were identi¿ ed by using the high resolution gas chromatography 
(HRGC), by Lahuta at al. 2002.
Results: Monosaccharides (fructose, glucose), cyclitols (myo-inositol, D-chiro-inositol), sucrose, 
raf¿ nose family oligosaccharides-RFOs (raf¿ nose, stachyose), mannitol, trehalose, and galactinol were 
found in the creeping thistle achenes. The content of the monosaccharides and cyclitols decreased during 
the burial in the soil. After a month of the seeds storage in the soil seedbank, when the ground tempera-
ture came up to -5° C degrees, the mannitol content increased over 15-fold. However, during further 
burial, the content of mannitol in the seeds decreased together with the increase of the temperature. The 
trehalose content increased-the highest accumulation was noticed in July. The sucrose content did not 
change. The content of RFOs increased temporarily from January until June, which was preceded by the 
decrease of galactinol. 
Conclusion: The changes of the soluble carbohydrates in the seeds might be connected with environ-
mental conditions, mainly the temperature, during the burial of the seeds in the ground. The content of 
sucrose, cyclitols and RFOs in the seeds probably did not have an effect on their germination. The pos-
sibility of monosaccharides participation in the induction of germination and/or breaking the dormancy 
can not be excluded. 
References: 
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Introduction: Increasing of the biomass production is one of the critical points in algal industries. 
Environmental and physiological condition seriously affect the algal growth rate. Therefore, evaluating 
of these factors for increasing of biomass productivity is interested. 
Methods: In this study the effect of phytohormones as physiological factor and temperature regime as 
environmental factor on the biomass production of chlorella vulgaris was evaluated. The experiments 
were carried out in laboratory condition suing of factorial matrix in complete randomize design. Phy-
tohormone type (2 levels: 2,4-D and BAP), phytohormone concentrations (with 3 levels: 0, 1, and 5 
mg/L), and environmental conditions (3 levels: summer(10h Dark 20 0C/ 14h light 30 0C), winter (14h 
Dark 10 0C/ 10h light 15 0C) without cooling pretreatment, and winter with cooling pretreatment). Incu-
bation of cell suspension in 5 ºC for 24 h before incubation was considered as cooling treatment.
Result: effect of hormone type, hormone concentration, and environmental condition on biomass pro-
duction was signi¿ cant(p<0.05). Using of 5 mg/L 2,4-D signi¿ cantly increased  the biomass production. 
Cooling pretreatment increased the biomass production. The ratio of the amount of biomass in winter 
with cooling pretreatment was 2 fold more than winter without cooling pretreatment. The results showed 
that 2,4-D increased the rate of cell division. 
Conclusion: It seems that cooling pretreatment increased the amount of biomass via the running of epi-
genetic regulation (Pikaard and Mittelsten-Scheid, 2014) to make able algae growth in winter condition. 
Our results not only is interested in biological approaches also may applied in algal mass cultivation 
especially in photo ioreactor systems(Ugwu et al., 2008).
Acknowledgements: Author would like to thank postgraduate of¿ ce of University of Isfahan and Plant 
Stress Center of Excellence for their support.
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Introduction: Plants during the growing season are subjected to the climate stresses belonging to abiotic 
stresses, which are factors causing a substantial loss in yield.
The aim of this study was to determine the effectiveness of selected stimulants in mitigating the effects 
of drought and other stress associated with the vegetation in the ¿ eld by evaluation of the proteome 
changes and biochemical parameters in the plants.
Methods: The plant material was soybean cultivar Augusta. Experiment in the open foil tunnel was car-
ried out in 4 treatments: non treated (70% FWC), drought (25% FWC), OPTYSIL + Drought, SILVIT 
+ Drought. Each treatment consisted of 25 plants. Biostimulators were applied 3 times during the expe-
riment.
Field experiment was carried out in 4 treatments: non treated (distilled water), OPTYSIL (0.25%), 
OPTYPLUS (0.75%) and GROW ON (2.5%). 
The effectiveness of individual biostimulators was determined by tracking the changes in proteome and 
measuring of chosen biochemical parameters content: ABA, polyamines and proline  as compared to 
content in the not treated plants.
Results: The changes in the proteome between the treatment have been found. Under drought con-
ditions more effective stimulator was SILVIT and in a ¿ eld experiment distinguished itself from other 
substances the OPTYSIL preparation.
Conclusions: Application of biostimulators can improve quantity and quality of crop, but not all com-
binations give desired effect.
Acknowledgements: This research was supported by „Doctus – Maáopolski fundusz stypendialny dla 
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Introduction: The presence of the antibiotics in soil is a growing problem. The world is consumed 
annually from 100,000 to 200,000 tons of antibiotics, of which 82 tons of antibiotics used in veterinary 
medicine (Kolar et al., 2014). Antibiotics are poorly metabolized in animals, which are in 75-80% un-
changed get into the water and soil. Fluoroquinolones (FQ) induce phytotoxic and toxic effects for most 
plants and animals (Adomas et al., 2013).
Methods: The study was analyzed an increase in elongation of pea seedlings (Pisum sativum L.) grown 
in soil contaminated with different concentrations (0.01, 0.05, 0.1, 0.5, 1, 5, 10, 25, 50, 100 mM) of 
À umequine (FLU) and peÀ oxacin (PEF). The guaiacol peroxidase activity was measured spectropho-
tometry at room temperature at a wavelength of 470 nm. It is assumed that one unit corresponds to the 
oxidation of 1 mM H2O2 for 1 minute. The growth of pea seedlings and enzyme activity in roots were 
analyzed after seven days of applying antibiotics to soil.
Results: The pea seedlings growth was inhibited with increasing concentration of À umequine and pe-
À oxacin. 
The roots and shoots were the longest for the seedlings which grew in the soil without FLU and PEF. The 
highest concentration (100 mM) of À umequine and peÀ oxacin was inhibited roots and shoots elongation 
by 55, 56% and 56, 76% respectively in comparison to roots and shoots of control seedlings. After seven 
days of growth seedlings root was observed a rise peroxidase activity compared to the roots of control 
plants.
Conclusions: The studies showed an inhibitory effect of À uoroquinolones on the growth of pea seedlin-
gs. Phytotoxicity of peÀ oxacin was the higher than effects of À umequine. 
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Introduction: The increase of plant tolerance towards environmental stresses would open great oppor-
tunities for successful plant cultivation under these areas that were previously considered as ineligible, 
e.g. in areas with poor irrigation. 
Methods: We performed functional analysis of three proteins encoded by LESION SIMULATING DI-
SEASE 1 (LSD1), ENHANCED DISEASE SUSCEPTIBILITY 1 (EDS1) and PHYTOALEXIN DE-
FICIENT 4 (PAD4) genes. We focused on explaining their roles in physiological processes such as 
resistance to drought and biomass production. Arabidopsis thaliana wild type (Ws-0) and mutants of 
the same accession: lsd1, eds1, pad4 as well as poplar (Populus tremula x tremuloides, background t89) 
transgenic lines lsd1, eds1, pad4 were investigated.
Results: Our experiments proved that LSD1, EDS1 and PAD4 play an important role in survival of 
drought stress as well as these proteins can regulate vegetative and generative growth of Arabidopsis 
plants. Transgenic poplar plants with modi¿ ed LSD1, EDS1 and PAD4 had also the improved water use 
ef¿ ciency and could accumulate biomass more effectively than the control trees. Our study revealed that 
the biomass production as well as acclimatory strategies are orchestrated via a genetic system balancing 
the cell division / cell death. Further, improved rate of cell division/cell differentiation and physical 
properties of wood were an outcome of cell wall structure and composition affected by LSD1, EDS1 
and PAD4.   
Conclusions: For the ¿ rst time, we have demonstrate that LSD1, EDS1 and PAD4 constitute a mole-
cular hub, which integrates the plant responses to water stress and vegetative biomass production vs 
generative development. The applicable goal of our research was to generate transgenic plants with 
regulatory hub that perceives stress signals to optimize water use ef¿ ciency, plant growth and biomass 
production in semi-stress ¿ eld conditions.
Acknowledgements: The work was funded by PBS1/A8/16/2013 project operating within the Applied 
Research Programme of the National Centre for Research and Development.
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In natural habitats plants are subjected to combinations of  abiotic stresses e.g. soil compaction with soil 
drought or waterlogging. Excessive soil compaction results from past glacial ice pressure, cementing 
of soil grains by iron oxides and silica, by natural processes and by the use of heavy machinery in soil 
cultivation. Most important physical factors inÀ uencing plant growth in compacted soil are soil water 
status, aeration and penetration resistance. The penetration resistance of about 3 MPa and 10% (v/v) 
air-¿ lled porosity are regarded as critical for plant growth. High levels of soil compaction limit plant 
growth and make plants more susceptible to limited or excess soil water content. In the case of drought, 
the amount of rainfall does not compensate water loss through transpiration and evaporation, and in 
the case of waterlogging, the soil is inundated as a result of heavy rainfall or river À oods which cause 
a drastic decrease in roots’ capability for water uptake as a result of decreased oxygen content in water. 
In this study seedlings of two maize hybrids – (sensitive and resistant to soil compaction stress) – were 
grown for 28 days in low, moderate and high soil compaction levels and for 14 days under drought or 
waterlogging conditions. Soil, root and leaf water potential, membrane injury, chlorophyll content, gas 
exchange parameters, ABA content and antioxidant activity were measured. In seedlings grown under 
different soil compactions, differences between water potential of soil, leaf and roots were observed aro-
und noon and in the afternoon.  Differences in response between resistant and sensitive maize genotypes 
grown in low and severe soil compactions and subjected to drought or waterlogging were observed in 
membrane injury, leaf water potential, chlorophyll content and gas exchange parameters. Also stati-
stically signi¿ cant differences between maize genotypes were observed for ABA content in the stem 
under severe and in the root under low soil compaction and exposed to drought and waterlogging, and in 
antioxidant activity in leaf under severe and low soil compaction with drought or waterlogging stresses. 
The use of maize genotypes contrasting in susceptibility to abiotic stresses is a good way to explore 
stress tolerance mechanisms. 
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